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NOTIPABKA 


B moio cratbiO. nomemennyo B JIAH, tr. 102, Ne 6, 1955 r. (P. H. OpauK abs, 
«OnbiT noswyaMMMpHyecKOl TeOpHH ABHXKCHHA B3BeLICHHbIX HaHOCOB B HepaBHOMepHOM MOTOKe», 
HeEOOXOJ{MMO BHECTH CJIeAyloulMe ACMpaBJIeHHA. 


Mopmyuly (9) culeayeT GHTaTb: 


all | 
Rv gaeiay tas Ceeh) Be | 


y 


TlonyuyeHHad aBTOPOM ONHCKa He CKa3LIBaeTCA Ha [laJIbHeHIMeM TeKcTe H (dopmMyviax. 
Popmyay (12a) cnenyeT YHTATES 


YS 
R;=— > (Uzs — Uz — Vid)» 


SakmoynTembHyIo pa3sy Ha crp. 1096 cnenyeT uuTaTE: «lockombKy MIA MeKHX HaHOCok 
i 


Ps las 
MH MaJIbIX MyTHOCTeH Ore en ae Thy 4 ee uf BelmunHa, R, wMeeT Nopay 


Si (e, —e) g. CrefopatenbHo, R,: Ry =i, orkyfa, cormacHo (12a), (u,—u,,):waih 


Tlostomy OTCTaBaHHe MpOOJIbHOrO J{BHXKCHHA YaACTHIL OT MHKUAKOCTH MaJIO MO CpaBHeHHO © 
CKOpOCTbtO Nawe@HHA YACTHIBI, T. e. 6J143KO K HYJIIO, B COOTBETCTBHH C OTIbITOM». 
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MATEMATHKA 


A. B. BACHJIBEBA 


ACHMNTOTHKA PELUEHHH HEKOTOPbIX KPAEBbIX 3AJ,A4 
AIA KBASHJIMHEHHbIX YPABHEHHM C MAJIbIM MAPAMETPOM 
MPH CTAPHIEM MPOW3BOAHOU 


(ITpedcmaeaeno axademuxom H. I. Ilempoecxum 4 VII 1958) 


1. IlocraHoBka 3a,aun. PaccmMotpum ypaBHeHve 


a d 
poe = — Alt, y) 24+ Bit, y), (1) 


je u > 0 —Masbii mapamerp. Pay paOor mocBAlleH MCCJIeqOBaHHIO pellleHua 
paBHenua (1) wu ypaBHeHHit Somee OOmlero BUa NP pasJIMUHbIX KpaeBbIX yCuIO- 
MAX (CM., HampHMep, (?)). 

IlycTb 3aqaHbl KpaeBble yCJIOBuA 


I. y’(0)=0, y(1)=0; (2’) 
II. y(0)=0, y(l)=0. (2”) 


JOOTBETCTBYIOMNIMe pelleHHA ypaBHeHua (1) oOosHauMM yy; (f, B), Yrs (f, L). 
Tlonaran B (1) uw =O, nonyunM BbIpoxyenHoe ypaBHeHne 


A(t, u) 2 = Bit, 0), (3) 
eleHHe KOTOpOrO ompeyeuM yCJIOBHeM 


u(1)=0. (4) 


B (1) nmpa HeKOTOpbIX OrpaHHueHHAX Ha mpaBy!o yacrb (1) (cM. HwrKe) JO- 
a3aHo, TO 


limy;(t,p) =u(t), O<t<]; (5’) 
u—>0 
limyn(t,p) =u(t), O<t<1. (5”) 
u->0 


TakuM 06pa30M, Mp JocTaTOU“HO MaJIBIX 3HayeHHAX W(t) MOXKeT CYKATb 
pHONWKEHHBIM pellleHHeM Kak Jia 3ayaun I, Tak wu Aud 3aqaun II. B cayuae I 
pHOsM2KeHHe HOCHT PpaBHOMepHbIit OTHOCHTeJIbHO ¢ XapakTep Ha BCe€M OTpe3Ke 
<t<1, B cayuae II mpu6nmxkenve He sABIAeTCA paBHOMepHbIM Ha O<? <1 
TepseT CMBICI B OKpecTHocTH t= 0. EctecTBeHHO MOCTaBHTb BOIPoc O MO- 
TpOeCHHA PaBHOMepHoro mpH6MxKeHMA B Cityyae II Ho NocTpoeHHH nIpHOsIMKeHHH 
ojlee BbICOKOTO MopayqKa Kak Jia cayyuan II, Tak M AA Cayyad I. 

2. PaccmorpuM csle/yIouly!o BCHOMOraTeJIbHy!0 3aauy C HavaJIbHbIMH YCJIO- 
uamu. Ilepenuuem (1) B Bue CHCTeMbI 


d 
pZ =A, yz+Biy, Bae (6) 
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Tlorpe6yem, uTodnr A(t, y), B(t, y) OOuaqaiM HenpepbIBHBIMH YaCTHbIMH 
TIPOMSBOAHBIMA JO BTOporo MOpAKa BKJUOYMTEbHO B o6mactu O<?<l, 
|y|<d wu ron B STO OOACTH  BBIMOJIHAMOCb ycmosue — A(t, y) < 
<—x <0 (x= const). Saqaqum juin (6) HavabHble yCOBHA 


29 = 2 Yeo = Yo Fe E(7) 


PesysibTaTbl W MeTObI paOor (7 *) WaloT BOSMOXKHOCTb O60CHOBATb CJIe,Y10- 
jee MpaBuslo MOCTPOeCHHA ACHMMTOTHYeCKOH (POpMYVIbI JIA pelleHHA z(7¢, wel 
y(t, ») cuctempr (6) MpH HawayibHBIX yCJIOBHAX (7) C TOUHOCTbIO O (yp?) Ha 
O<t<1. Breyem HoBoe He3aBHcHMoe MepeMeHHoe t= t/u, TeperiHilemM (6) | 
B Buye | 


rd d 72)! 
2 =—A(m,y)2e+B(u,y), Ge=ve (8) 
Wu OyeM HCKaTb pellleHve B Bue POpMaJIbHbIX pxJOB 
Z= Z(t) tea (t)+---, y= Holt) tem (t) +--- (9)| 
IIpu sToM 
d d 
St = —A(0, o)2%+B(0, yo), Ge =0, | 
(10°) 
<0 ey = 25 Yo io = ae 
d 
a ici am A (0, Yo) 21 +[— Ay (9, Yo) 20 + By (9, Yo)] Yr + 
+1 A:(0, Yo) 20+ B: (0, wit, GE = 20, (10% 


Z|r0=9, Yilrao = ¥?. 


HanwileM BbIPOxKeHHyIO CHCTeMy ypaBHeHHH, COOTBeTCTByIOMLyI0 (6), T. e. 
nosyyaroulyioca u3 (6), ecIH (OPpMaJIbHO MOJIOXKUTS wp = 0: 


° 


H pacCMOTPUM ee pelmenue Npu HavaJIBHOM YCJIOBHH | 
Y tno = Y0- (12) 


IIpoqudpepentuupyem (6) mo w HW ONATS NpoHsBeyeM BbIPORKAeHHe. TlomyunM 
cucTemy 


d — —= = ——) =e — — = a 
ae. ASD A(t, y)t¢u +[— Ay (t, y)z+ By (bot) LY us i = 2p (13) 
M HalijjeM ee pellieHve, yJOBJIeTBOpAIOMee HavaJIbHbIM yCJIOBMAM (4) 
co 
Yu leao = Yu (0) = yh — | 220 (2) de (14) 


0 
CocTaBuM BbIpakeHHa 


Z) = 2+ % —z(0), Yoryty—yO=y+y—yr=y; (15 
Zy = 2+ peu + 2 + pads — (2(0) + £2’ (0) + p2y (0)), 
Yi=y +g. t+ vy — (ty’ (0) + vy, (0)). 


Tlomb3yscb MeToyamu (4), MOXKHO JOKa3aTb, TO 


lz—Zj<c, nly=Yel<eu, (167 


ti Zale fa, fo<ecue, (16" 
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ye C— he 3apucsinad or p Mt (O<t<1) nocrosHHaa npu yocTaTouHO Maviom 
<bo- 

Cxemy nlomysenma acumntotuyeckux cbopmys moxKo PpasBHBaTb HU jaJblle 
CTPOHTb NPHOAMKeHMA C Oomee BBICOKOM CTeMeHbIO TOUHOCTH pw" KaK JIS 
AYAJIBHBIX YCJIOBMM (7), Tak H Jin Oomee wimpoKoro Kmacca 


Zio = + pet... + phe, yo = yt pyo t+... + pry. 
SalaquM Telepb HauaJIbHbIe ycNOBuA JIA (6) B Baye 


0 


cum 
Zito = a Y |r = 9? ; (17) 


, KaK MB cCyyyae (7), Oyqem crpouTs pewienne (8) B Buye (bopMasBHBIXx 
AJIOB 


c—1 (t) 


BE porte Okt) Ste 2r(t) tt Y = Yo (t) +eYi(t) +--+ (18) 
IIpu 3sTom 
a =—A (0, Yo) Z-1) S =2_1, 
(19) 


21 lee — a» Yo leg =a Yo 


Peilenve z, y BbIpOxeHHOH cuctempl (11) onpegenum ycnoBuem* 
oO 
Gko=Y(O)= H+ | zulede. (20) 
; 0 
MetojoM, aHaJIOrHuHbIM TOMY, KaKHM JOKa3bIBaJIMCb HepaBeHcTBa (16), 
fOXHO JIA JaHHOrO CJIyyaAd JOKa3aTb, YTO 


Yo=Yty—y(0) (218 


IpeycTaBser coOoH paBHOMepHoe mmpH6vIMxKeHHe K pelenHuio y(t, w) Takoe, 
ITO 


| Y— ly | < cy, (22) 


ye - -——He 3aBucaujad or wp Ht (O<¢<1) nocTrosHHad npu AocTaTOUHO MaJIOM 
b< Bo: x i 

3. Wea mpiMeneHua yka3aHHOH OOeH CXeMbI K PelleHHIO KpaeBbIX 3aja4u 
OCTOHT B CJIeyIOUleM: BbIOPpaTb B HauvaJIbHbIX ycuIOBMuAX (7) uM (17) napa- 
AeTpbI 2°, yo UT. A. TAKMM OOPa30M, YTOObI YAOBJIETBOPHTb 3a/{aHHbIM KpaeBbIM 


/CJIOBHAM. 

PaccmorpuM Kpaepy1o sagauy I. IonoxuM B HavaJIbHbIx ycsoBHAX (7) 2° = 0. 
DnpeqemuM yo U3 TpeCopanuA yp = Y |to, rye y— peleHve BbIPOAKeHHOH CH- 
Temp! (11), yyoBseTBopsioujee ycuoBuio y(1)=0 (y, o4eBHAHO, coBMajaer 

n oo 


-uB (3)), a Y{ onpeqemMM U3 TpeCoBaHuA Hee tq (t) dt = Yult—o. THe 
0 
J, —pellenve BbIpOxKeHHOH cucTemp! (13),  yOBseTBOpAION,ee yCJIOBHIO 


Iu, |¢-1 = 0. [lomyuenHoe mpu TakoM BbIOOpe MapaMeTPOB B HayaJIbHbIX YCJIOBHAX 
7) peuieHHe cucTempr (6) OyyeT OO/laaTb CBOMCTBOM lent =(9 + Poa + 


Py 2 
‘" £2 Vides = Yin tor = O(p2), .Z|rno =0. ».B 10. 2Ke- BpeMa _pellieHve 


y (0) 
* y(0) MOxHO OMpeyeHTb TakxKe H3 ypaBHeHHs A (0, y) dy = er 


0 
4 
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Kpaesoli 3ayaun I o61aqjaet CBOLCTBOM Y |+-1=0, 2 Ito = 0. Metogamu (*) HeTpyAHO 
MOJIYYHTb, YTO pa3HOCTh Me%KY YKa3aHHbIM PpellleHHeM 3aauH C HauaJIbHbIMU 
YCJIOBHAMH HM pellleHveM KpaeBoli 3aqaun I umeer nopaqoK O (u?) paBHOMepHO) 
oTHocuTebHO ¢ Ha BCeM MpomMexyTKe O<t<1. A Tak kak qbopmyupi (15”)) 
MpeCTaBsIAIOT CO6Ol paBHOMepHoe c TOYHOCTHIO O (uw) mpHOmMKeHHe AIA pe-) 
WWeHHA 3aauH C HauvaJIbHbBIMH YCJIOBHAMH, TO CMpaBeAJIMBO CJIeYyIOUee OCHOBHOE} 
yTBep»xK enue: 
BpipaxkeHHa 

Yi=yt+pynt+ py — ty’ (0) —pyp (9), | 
(23) | 
Z, = 2+ pzy + Zo + p21 — 2 (0) — #2’ (0) — pz, (0) | 


(rae "y, 2 ompegensores cuctemofi (11) u ycnoBuem Yj. =0; Yu, 2. Ompe- 

JleistoTca cucremoi (13) H ycsoBuem y, lt-1 = 0; Z OMpefeserca CHCTeMOH | 

(10’) npHHayanBHBIx yCOBHAX Zp |z-o=0, Yo leo =0, ¥ (0); Hx, 2 ONpeAeAOTCA | 

cuctemo (10") mpH HavamBHBIxX ycCuOBHAX 2|re9=0, Yilr—o = Yu(0) +) 
co 


’ ail 
+{ TZ (7) ds) ABJISIOTCA C TOUHOCTHIO O (p) NpHOJIM2KeEHHBIM PeLeHHeM KPaeBOd | 


0 } 
sajaun I yun ypaBHenua (1) mpx ycnoByu (2’), Tak 4TO 


ly(,uX)—Yil<c’, l|y’(t,p)—2Z, | <cy? 


Ha BCeM oTpeske O<¢t<1; c—nocTosHHad, He 3aBHCAlad OT » pu Aocta- | 
TOYHO MaJIOM p< Lo. | 
SaMeTHM, YTO, 3afaBas JIA (6) HaYaJIbHbIe YCOBUA Z ito = 9, Y ro = Y8 + 
+ py? + ..., MOXHO aHaJOrHyHO MONYYMTb CwleylouyHe MpHOMKeHHA As 
pelueHHA KpaeBow 3ajjaun I. 
AHaJIOrHuHO MOXKHO paccCMOTpeTb KpaeBylo sayauy I] u yTBepxaTb: 


Bpipa>KkeHHe 
Yo=¥ + Yo-—Y (0) Cae 
(rze y ompegensercs W3 CHCTeMBI (11) mpu HauasibHOM yCJIOBHH Y lier = G 
(0) 
Yo Onlpeenaetcs U3 (19) NpH HayaJIbHOM yCOBUK 2; |rao = 2°, = \ A (0, y) dy, 


0 | 
Yolo = 0) ABJACTCA C TOYHOCTHIO O (4) NpHOJIM>KeHHBIM ,pellleHHeM KpPaeBOH 
sajaum I] yma ypapuenua (1), Tak uTo 


ly(t,u)—Yol<cp 


Ha BceM OTpeske O<t<1; c—nocTosHHad, He 3aBHCsIad OT ~ Np foctTa- 
TOUHO MaJIOM 3HaYe@HHH P< po. 


Kak u B culyuae I, MoxKHO pa3BHTb 3TY CXeMy H HalMcaTb NpHO/MKeHHA 
6ouee BbICOKOrO MOpAyKa. | 


B 3akoueHHe OTMeTHM, 4TO dopmysbI (23), (24) mpHMeHHMbI K Gomee 
oOmeH KpaeBol 3ayjaue Ja ypapHenusa (1) 


y (0) + ay’ (0) =0, y(1) + By’ (1) =0 (25) 
MpH OYeBHAHOH MOM(pHKAIMH HavaJIbHbIX YCOBMH JIA CyHKWHH, BxXOAAULHX 
B (23) B cuyyae a0 u B (24) B cnyuae a = 0. 
Mockoscknit rocyapcTBeHHbIii yHuBepcuTeT Tloctynuao 
um. M. B. Jlomonocospa VII 1958 
IMTMPOBAHHAA JIMTEPATYPA 


1H. H. Bp uw, JAH, 95, No3 (1954). 2 A. H. Tuxonos, Matem. cOopn., 31 
(73), Ne3 (1952). 3 A.B. Bacuabesa, Matem. cOopu., 31(73),Ne3 (1952), 4A. B.Ba- 
cHabeBa, JAH, 119, No 1 (1958). 
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Tlornann AKkanemun Hayk CCCP 
1958. Tom 123, Ne 4 


MATEMATHKA 


B. M. BOJIOCOB 


O PEWIEHHSX HEKOTOPbIX BO3MYLJEHHbIX CHCTEM 
B OKPECTHOCTH MEPHOJMYECKHX JIBADKEHHA 


(ITpedcmasaeno axademuxom H. I. Mempoecxum 8 VII 1958) 


§ 1. TloctanHopka 3ayaun. PaccMaTpuBaeTCA HeEBO3MYIeHHaA CHCTeMa 
qudpepenivaJIbHbIX ypaBHeHuli 


x = F (x) (1) 
at COOTBETCTBYI!Ollan eH BO3SMYULCHHaAH CHCTeMa 
x = F (x) + ef (x, 8), (2) 


rue F, f, x—n-mMepubie BeKTOpbl, © — MaJIbIii mapametp. Ilyctb B HeKOTOpoti 
o6lacTH (1) HMeeT HIN NepvosMueckue pewenua: 


X = Xo(c, 9), (3) 


rye C= {C), Co, -.- 5 Cn_i1}3, P= (c) ¢ +h — chaza KoneOannii; c; (i=1,2,... 
-.., 4—1) HM A—N Mpon3sBONbHbIX MOCTOAHHBIX; (pyHKUMA X) MepHoyMuHa 
m0 } c mepHogqom 2x; w (c)==2zx/T (c) > const > 0 — yuacrora; T (c) —nepnog 
KoNeOanul. Ilyctb pemienuam (3) COOTBeTCTByeT MOJIHad CHCTeMa He3aBHCHMbIx 
aHTerpasioB (1) Bua 


D(X) =c, O (x) =4, (4) 


> > 
ye © = {M,, M,, ,... , ®,_,} wu unterpambr DY, O — wt orBeuatloT coorTBeT- 
STBeEHHO TIOCTOAHHBIM c, A, BxoAaHM B (3). Pemenua (2) (HenepHoquueckne, 
3006le TOBOpA) paCCMaTPHBalOTCA B OKPeECTHOCTH TMepHOAM4eCKHX pelwleHHi (3) 
sucTeMbI (1). Mb 6yqeM uCKaTb MpHOsIMKeHHOe MpescTaBsieHHe pelueHHH BOS- 
MYUeHHOH cHcTeMbI (2) B dopme (3), rye c=c(t, e), b= ¢(t, ©) — HeKoTopbie 
JeU3BeCTHBIe (pyHKwnu. Tak Kak (byHKUMAM (3) COOTBeETCTBYIOT HHTerpavibl (4), 


= 
ro c(t, ©), b(t, ©) mMomyuatca, ecm B ©, O moycTaBuTb BMecTO pelenni (1) 
yellenua (2), MpH 3TOM, BOOOIe rOBOpsx, ¢ yxKe He OyAyT MOCTOAHHbIMH, a 
SyqeT OTMMUATECA OT wt +h. Sagaya COCTOHT, TakKHM OOpa30M, B HaxoKeHHH 


ne 
\CHMITOTHYeCKHX NpHOsMxKeHHH ya cyHKun c(t, ©) = [x(¢, c)], b(t, 9) = 
=([x(t,©)] OTHOCHTebHO MaJioro MapaMeTpa ¢&, NIpHyeM 3TH MpHONMKeHHA 
SYAYT MOCTPOeHbI Jit OombWMX HHTepBaloB BpemenH ¢~ l/s. CorulacHo cKa- 
AHHOMY BBILe, 9TO 9KBUBAJICHTHO IPHOMMKeEHHOMY Mpe/\CTaBJIeHHIO pellleHHii (2) 
3 Bue (3) C MOMOMIbIO BapHallHH NOCTOAHHBIX ¢ HM (pasbl ¢. 

§ 2. OcnoBHpble pesyabrTarTh. Ilyctb Bce paccMaTpHBaemble (pyHKILHH 
[eMIpepbIBHbI, OFPaHHueHbl WH JOCTATOUHO TylayKH WM BCe CHCTeMbI ypaBHenuii y 40- 
SIETBOPAIOT YCJIOBHAM CYUCCTBOBAHHA, €]MHCTBeEHHOCTH H HelIpepbIBHOH 3aBH- 
HMOCTH pelUleHHi OT HauaJIbHbIX 3HayeHHH UW NWapaMeTPOB B COOTBETCTBYIOMLAX 
oaactrax. JlonycTHM, TO cyulecTByeT OTKpbirad OOsacTb G mpocTpaHcTBa 
X1, Xo, »+. , Xn}, W3 BCeX TOUeK 3aMbIKaHHA G KOTOPOH BbIXOAT SaMKHYTbIe 
‘paekTopuu (1), COOTBeTCTBYIOUNMe MepHOM4eCKHM pellleHHAM (3) c MHTerpa- 
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jamu (4). Ilyctb Go — HekoTopaa OTKpbITad MoyOOMacTh G, Nexallad BHYTpH G 
BMecte c rpanuuel. Ilycrb e460 nu yoctarouno mao. Bpefem HHTepBadl 


a 
= lis t+ a , rae @> 0—ckoub yroquo Oombuloe (UKCHpOBaHHOe YMC, 


t; — UpOW3BOJIbHbIt MOMeHT BpemMeHH. BosbMeM MHTerpaJibHble KpuBbIe (2), 
TPaeKTOPHH KOTOPbIX HauWHaIOTCA B HeKOTOpbIli MomenT fy)€A BHyTpH Go, u 
6yqeM MX paccMaTpuBaTb M60 Ha Bcem TipoMexyTKe A, ecu mpu ¢€A tpaek- 
TOPHA He BEIXOAUT “3 Go, mH60 Ha HeKoTOpoH uacta A, = [t)—0, tf) +d] CA 
(6, d>0) taxol, uto npu t€ A, Tpaexropua HaxoguTca B Go. na stHx pe- 
IWeHHi BOSMYUIeHHOH cHcTemMbI (2) Ha yKa3aHHbIX MHTepBaslIaxX BPeMeHH Mb! UH 
6yeM usy4aTb acummtotuKy c(t, ©), p(t, ©). Cqemaem B (2) 3aMeHy MepeMeHHBIX 
no opmysam (3), rae c=c(t, ec), >= (t, ¢) — unrepecyroniue Hac PyHKIUHH. 
B pe3ysibTaTe STOW 3aMeHbI NMOCsI€ HEKOTOPbIX MpeoOpasoBaHHH BbIBOJMM ypaB- 
HeHHA: 

: > ip eee = = a) a 

¢=(eV,), b=e(c) + (eV) 0 (Wolsey gt) (5) 

_Tipappie uacru (5) BbipaxeHbl Cc moMmomtbIO (3) yepes c, ) WH MepHOAMYHbE 
no ~ c mepvoyom 2x. (5) npwHayiexuT K CHCTeMaM C Bpallaloulelca (pason, 


— es 
M3yUeHHBIM B (!). OT6pacbiBasd WieHbI NopsAyKa BbIIe € B ypaBHeHHAX ¢ = (ciVx) BD 
MW ycpeqHaa 0 ~, Nowyyaem, corsacHo (1), ypaBHeHHa HyleBoro NpHOsM2KeHNA 
JI C, KOTOPbIe 3aTeM MIPHBOAATCA K BHLY | 

T(c) 


‘ \ (efoVs) bai (fpf 


Saute) 


e=0): (6) 
0 

Takum o6pa3om, BbIBeJeHbI ypaBHeHua (6), onMcHIBalomHe H3MeHeHHe c (f, &) | 
Ha 6ObWwHX HWHTepBasiax BpemeHH ¢ ~ |/e c norpeliHocTbio ~ es. KBaypatypbi 
B (6) 3aBHCAT OT C KaK OT MapaMeTpa HM B3ATHI BAO WHKIOB (3) cucTeMbl (1). 
Peimenua (3) H wnTerpasibl (4) HeBO3MyIeHHOH cucTemb! (1) CuHTaIOTCH H3BeCT- 
HbIMH, H C B (6) H3MeHAIOTCA MejJIeHHO (TaK Kak om s), MOSTOMY OMpeeUTS 
nmpHOsmxKeHHA c “3 (6) Mpolle, YeM MPpOMHTerpHpOBaTb BO3SMYIMeHHY!O cucTemy (2). 
YpaBHeHHA BBICLUNX NpHOMKeHHH ¢ HW MpHOmMKeHHH b (OHH 3feCb He BbIINHCHI- 
BalOTCH, TaK KaK B OOLIEM CJIydae JOBOJIbHO TpOMO3AKH) TOKE BbIBOMATCA US 
(5) C MOMOMIbIO MeTO,a ycpeqHenna (*). 

§ 3. HexoTopbre uwacTHbe cuyuan. 

1. Tlepwoquueckue pemenua. JJonycruM, uTo HeKoTOpoe pellenue 
Xo cMcTeMbI (1) mopoxyaer mepHoyMuecKoe peleHve (2), KOTOpoe ee 
K Xo npw ¢->0. Y3 (6) Bpirekaer HeOOXOAMMOe ycJIOBHe CYULeCTBOBaHHA TaKHX 


at 
pelleHHii: 3HaveHHA C= © (x9), ONpesedimtoulMe NoporKalomlee PpellleHve Xo,_ 
T(c) 


= > 

AOJDKHbI YAOBJIETBOPATh ypaBHenusm A (c) == \ (fpVx) Odi =0. Tlepuoguue- 
0 
CKHe pellieHia (2) HW Ooslee OOmlUxX CucTeM H3y4eHbI B (?), rye ccbopMysMpoBaHes| 
TaK2%Ke KPHTepHH YCTOMYHBOCTH STHX pelueHHH. Corsiacuo (7), OCTaTOUHbIM ycsO-| 
; DAr ar eA 
BHEM CYIMeCTBOBaHHA MepHOHYeCKUX pellieHHii (2) reagent ea 
D (C1, C2, «+.» Cp 

npx A (c) = 0. 


2. KaHoHuyecKne cucTemb. JJonycTHM, uTo HeBO3MyIeHHad cucTe- 
Ma (1) KaHoHHuecCKaa: 


q= V,H (p,q), p= —V,H (p,q) , <a 
rye a Lae le eee ‘is (p, q) —dynHkuua Tamnuprona; Va | 
Tey co, Re = pO 6) 
= hae qn? Oqfi Vo = 130; Ai ah ap: BosmyuleHHy!o. =cucTeMy 
SamHIeM B Bue 
d= VpH (p,q) —sfp(p.4.2), P= —VeH (p,q) +ef(p.4,8), (8) 
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BAe tp = {ip fe FON SOO, fOr “Eeaw ‘népnoanueckue 
} peuenua (7) 3aBucat or 2n tie an TOCTOAHEBIX, TO K (8) UpHMenuma 
opmysa (6). Cucrema (7) umeer wuTerpan suepruu E = H (p,q), nostomy qua 
(8) “3 (6) BBIBO,MTCA ypaBHeHve sHepruu: 


¢ al 
a r4 (ef;,dq + efp,4p) (fp, =Fple-o, f,== 472-0) 5 (9) 


Tye wHTerpasl OepeTca NO WuKIaM (7) B HallpaBIeHHH HeBOSMYDIeHHOrO JBHDKe- 
yun. Bou. 4 § 3 OyyeT BpIBeqeHO ypaBHeHHe SHepruu JIA Oosee OOMLUX 
| CHCT€M, YaCTHbIM CJTyyaeM KOTOPbIX sABJIAeTCH (8), H JaHa (pu3suuecKad WHTep- 
[iperaliMa 9Toro ypaBHeHHA. 

3. YpaBHeHHA KOMeOAHHH C MeANCHHO H3MCHAWULUMUCA 
/TlapaMeTpamu. PaccMoTpuM HeBOSMYLIeHHY!IO CHCTeMy 


X= F (x,y) (uv =const), (10) 
h rye x, F—/7-MepHbIe BeKTOPHI; Re = {Uy, Me, «++, Um} — COBOKYNHOCTL: m 
' TlapaMetpos. Ilyctb (10) umeer ‘NepHojuyeckwe pellieHHa, saBHcsIHe oT 71 
f MPOHSBOJIbHBIX TNOCTOAHHBIX Hop: == XpotC, U,V) (Re hae Co tne Cnr 
p=o (c, ) t an h), KOTOPbIM COOTBETCTBYeT NOJIHaH CHCTeMa HE3aBHCHMbIX HHTe- 
rpaJloB ® (Xo, 1) =c, 0(x, u) =. Paccmorpum BosMymjenHy1o cucTemy BHJa 

K=F (Rp) teas), wep ie), (11) 
merase faspas onl: ep ads nce {01, Po, +++» Ym}, B KOTOPOH uw yoKe He NOCTOSHHBI, 
| a MejIeHHO H3MeHAIOTCA C MaJIOH CKOpOCTbIO 6. Tpe6yerca HaHTH NpH6stHKe- 
HHA WIA pewlennit x (t,), u(t, e) cuctempl (11), uro cBogqHTCA K TOCTpoeHH1o 
npuommxennit via u(t, 2), ¢(t, e) = O[x(t, e)u(t,s)], O(¢, )\=O[x(t, ¢), u(t, ¢)]. 
3ro wacTHbii culyualt gayauw §§1 u 2, Tak Kak MOX%KHO (OpMaJIbHO JONMCaTb 
K (10) ypapHenua ue O mw cuMTaTb Ux pemenns p. = const NepHosMyecKHMH, a 
K UMuTerpasiaM Gr c, 9= joOaBuTb uNTerpabl BHA u = const. Ilostomy 
| u3 (6) quia (11) BbiTeKator ypaBHeHut HyJeBbIX NIpHOJMKeHHH C, : 


) 


SN QaaSS 
Sigg YpaBHeHwe p= (eg) O3HayaeT, 
m 


? 


? 1h 
sitll {(sfp Vx) + (eGoVn)} ® de, b= (240) = 7 | (40) dt, (12) 
0 0 
0 
Ops 


=e 6) > —>, 
exe Va = [ar \, Po= ? |. 


E=0 


> > 


uTO B HYJICEBOM npH6u2KeHHu MCTHHHAA CKOPOCTb eg TlapaMeTpa {4 3aMeHHAeTCH 


ae 
cpeytHel 3a Mepvo ckopocTbio (eg). Jima uacrHoro cayyaa cuctempr (11) c 
OJHOH CTeNeHbIO CBOOObI ypaBHeHua (12) BHIBOAMIHCb B (?). 

4. KoneOaTenabuble CHCTEMBI C MeJ JICHHO H3MCHAWMUMUHCA 
HapaMeTpaMu, O0H3SKHe K KAHOHHUeCKUM. ITlycTb HeBOsMyMleHHaAd 
cucTeMa WMeeT BHA 


q = V,H (p,q, 2), p =——_= V,H (p, q, 2) (=="COrst),, (13) 


a BO3SMYILCHHAH CHCTeMa SallHCbIBaeTCH B cbopme 


d= V,H (p, 4.4) —efp (0,448), P=—Vol(p,4, B) + fe (P. a4, 2), 
eco. (Pa. d,tyis): (14) 


Ecam mepvoquyeckve pewenua (13) 3aBucaT OT 2 MpOW3BOJIbHbIX MOCTOAH- 
=> 
HbIX MW Uy TO, MpHmMenaa K (14) dopmyap (12), BbIBO_MM ypaBHeHHe SHeprHvi 


i 
° 4 { ised 
E= ro (sf,,dq —F ef,,dp) a. x \ (Ep Val Hat. (15) 
0 
Cuctema (8) wu ypaBHeHie (9) —uacTHble cayyan (14), (15). Ousuueckuir 


cMbIcyI (15): ckopocTb w3MeHeHHA E paBHa CpefHel MOL{HOCTH BO3MYILaIOULHX | 


CH efg, efp 3a MepvHoy, CilO%KeHHOH C MOU[HOCTbIO, pacxOfyeMou Ha H3MeHeHHe 
Ay 
u. Jia uacTuoro caryyad cucTembl (14) c ofHO cTeleHbIo CcBOOOAbI ypaBHeHHe 


(15) BprBoquoch B (3,4). HesapucumMo or (*) ypaBHeHHe 9HeprHH Qua | 


KaHOHHYeCKHX CHCTeM C OfHOM cTeMeHbIO CBOOOAbI MosyyeHO B (°). 


PaccmorTpuM Tenepb uuTerpas jeucTBua | = pda, B3ATDIM TO WMKaM | 


(13). Tak Kak J MoxKHO paCCMaTpHBaTb KaK OJMH M3 HHTerpasoB (13), TO, MpH- | 
MeHsaA cbopmysty (12) k (14), moce pata mMpeo6pas0BpaHHi BbIBOAHM ypaBHeHHe | 


yaa I 
T pases of 


i = § (ehy,da + ef, dp) + \ [e90 — (e90)] Vall dt « (16) 


0 


@u3nyuecknit cmpic (16): ckopocTb H3MeHeHHA 7 paBHa paOoTe BOSMYIalO- | 


IHX CHJI 3a MepHOl, CO%*KeHHOH C BUPTYa/IbHOH paOoToH H3MeHeHHA % CO CKO- 


POCTbIO £0) — (€% 9), ABJIAIOULEHCA OTKJIOHCHHEM CKOpOCTH f& OT ee cpejHero: 
sHaueHHa. J]a uacTHoro csyyad cuctTembl (14) c OHOH cTeleHbIO CBOOO,bI 
ypapyeHve (16) BprBogusocb B (°,4). Hexoroppie pesyibTaTbl mpexKHHX pa6or (°) 
MOryT ObITb Nosyuenb v3 (16). 


JjonyctuM Temepb, TO UL u3MeHseTCA B (14) paBHOMepHo, T. e. mn os a = 
=const mu uTo pabora > (efa.dq + ef,dp) = 0 na Beskom uke /13). Torga 


v3 (16) cnegyer, uro J =const. Muterpanpl. coxpansicniveca mpH Bo3mynle- 
HHAX, Ha3biBaloTcA ajMaOaTHYeCKHMH HHBapHaHTaMH, OAHHM us HX iA (14) 
IIpH yKa3aHHbIX yCJIOBHAX U sABJIAeTcA J. B cbu3MueckoH MuTepaType (HanpHMep, 
(*,8)) wHBapHaHTHocTb J u3BecTHa, Koryja cucTeMa (14) KaHOHWMUeCKasd, UTO AB- 


JIfeTCA OoJlee .CHJIbHbIM OrpaHHueHHeM, TaK KaK TIP 3TOM > (efadq + ef,,dp)=0 


Ha BCAHKOM 3a€MKHYTOM KOHType, a He TOJIbKO Ha WHksax (13). 
Sameuyuanne. [== > pdq — unterpasibHEI ~MHBapHaHT [TyanKape via He- 


BOSMYLeHHOH cHcTeMbI (13); HO oTcioqa, KaK NloKa3aHoO B (*), He culeqyeT agu- 
aOaTHyuecKad HHBapHaHTHOCTb / JIA BOS3MYULeHHOH cucTeMbI (14), KoTopaa Tpe- 
OyeT CaMocToATebHOrO WOKa3saTebcTBa. M3 (16) cuegyeT, uTO B OOmleM CsITy4ae 
I mMoweT WH He ObITb aHaOaTHYeCKHM HHBapHaHToM. B uacrTHpix cayuanx | 
OKa3bIBaeTCA HMHBapHaHTOM BCAKHH pa3, Kora MpaBan uactTb (16) o6pamaetca 
B HYJIb. 

Pag 3ayau MO aCHMITOTHKe pelleHH CHcTeM, CxogHbIx c (2), (11), pac- 
CMOTpeH B (9—11), 


Mockoscknit rocyapcTBeHHbIM yHUBepCHuTeT Tloctynusto 
uM. M. B. Jlomonocosa: 2 VII 1958 


UWUTMPOBAHHAS JIMNTEPATYPA 


+H. H. Boroaw6os, J. H. 3y6apes, Yxp. marem. xypH., 7, Ne 7 (1955). 
2W. FT. Maakuu, MHexoroppile 3aqayn TeopnHd HeAMHelHBIX KoneOaHni, 1956. 
3B. M. Boaocos, JAH, 121, Ne 6 (1958). 4B. M. Boaocos, JAH, 121, Ne 1 
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Hornann Akangemun en agin GccCcP 
1958. Tom 123, Ni 4 


MATEMATHKA 


A. X. TEJIMP 


Ob YCTOMYMBOCTH PEWIEHHH 3AJAUM KOMI HW CMELIAHHOM 
SAHAUM JIA FHNEPBOJI“YECKHX YPABHEHUK 


(IT pedcmaeaeno axademuxom B. H. Cmupnoeoim 2 VI 1958) 


| Ulyctb g— cbywkuua or ¢, %,.-.., Xn. Uepes D?» 6ygem o6o3HauaTD 
uoOy1o OOOOmeHHYy!O NpousBogHyio OT ¢ Mo ft, xXy,...,Xn WOpAyKa Pp, a HHeK- 
OM (p) — CYMMHpoBaHHe BCeX TaKHX Mpon3BoOAHbIX. B JasbHeliuieM 0 HHAeKCaM 
|, J, S Tpeqnouaraetca cyMMupoBaHHe oT | yo n. Baegem o603HaueHuaA: 


k 
do O Oo \? 
EOF sieabaps \\D’pPdx, E(¢)=ar, ae ag (3) + Bg?, 


p=0 (Pp) En 
| eld, =sup \| pdx, 


“e€ WHTerpHpoBaHve NpousBOANTcA NO Wapy eAWHMYHOrO payuyca,..a supremum 
JepeTCA TO BCeM TaKHM IlapaM. 
_ 1. Pacemotpum 3ayqauy Kou quia ypaBHenusn 


Ut = Ajj Ux; xj + 2Ajq Ut + Alle; + (Ao —%) e+ (@—-B)u+f, (1) 

Ult—o= Po (Xt, +--+ %n), Ut|t—o = $1 (%1,--+ » Xn). (2) 
KXooddunentpt u f 3apucatT oT t, x,,...,X%n HW B Teopeme | BMectec cbyHKUH- 
Mu (2) yOBJeTBOpAIOT YCJIOBHAM TeEOPeMbl CYUCCTBOBAHHA HW e/MHCTBeEHHOCTH 
)6o6ueHHOrO pelliieHHA B cmBICIe C. JI. Co6onesa (1), a B Teopeme 2 O6/1aqaloT 
reMH OOOOL[CHHbIMH MpOH3BOJHbIMH, KOTOpble yuaCTBYIOT B (pOpMyJIMpoBKe 


reopempl. [IpH 93TOM Qjm, D'Qjm, Ay MpeAMOsararoTcaA HenpepbIBHbIMH. 
_ Ilyctb npu t > 0 BpimomHseTca HepaBeHCTBO 


a;jt&; > te? , t= const > 0. (3) 
| O6osHayum uepes M wu L_ MmakcumyMbl APPR NEEOR |@im| WH |Qz, | 
lh<m,l.<¢n) B unmangpe U[0<t<T;0<x2-+4...4242< 7°], 4 oycTb mp 
no6omd>0O u T>0 


c dr 
pe rem aie Se 4 
\iavEEm i Se 


: Teopema 1. [Tycmoe Koadpuyuenmot ypaeHenus (1) yoosremeopsiom Ccare- 
yrowum Ee GeieE He 


0a, 
1) ar te) <0 npu t>O au6o |dim|< A(t) 1<l, m<n); 
end ys. oo 
zy stp em oe pO OSes Jae eee 
ee a 


3) alc, <Ag(t), gq=n(n>2), 24+y4(n=2),-2(n=1); x 30eCb U 6 
MaAbnetimem-— cKonb Y20OHO MANE NOAOIUMENHOE 4UCAO, A PYHKYUA A, (t) 
JepaHuueHa U CY: ee om 0 00 09; 

Asa (ts xiv. U4 Xa) 2 0, P(t. na) By) = const > 0. 


591 


Toeda |u| <e npu ecex t > 0, ecau 


WE) 


i 


=n 


oo 990 + oe + Bee] de + \Wflaen a <3 ()- 
0 


|t=0 Ox; Ox; 


Teopema 2. ITpednoaoscum, mo Koap@uyuenmo ypaeHenus yoos re 
gopsiom npu k> 1 caedyrouum mpeboeanuam: 


1) |Danille, psy) = [: , <m<gn, 0<l<n), ede q(p) 
= 34 (2<e<| (p= +1), 2((2]41<p-<e—1): 

2) [lames nee. A(t) O< 2 n), 20e s(p) == (1<p<[$}} 
2 (pn[s)). 2a] <e<t—1) 

3) lal, < Ag (4); 9; Ag(t), A(t)—maxue oe, Kak @ meopeme | 
| Dealiggy <A), 20e o(0) =s4q(1<e<[$]—1), 4 (e=[F]-1) 
2([F]-1<p<k-1 


4) x= const = 0, B= const > 0. 
Toeda lly @e,y <e« npu-ecex t >0, ecau 

kR—1 el 

pp \\ 2 Co) ea el rd | 
Ecau a> 0, TO MoxHO jOKa3aTb Hp HesHayMTe/IbHOM H3MeHeHHH yCJIOBHi 


Teopem 1 4u 2 acHMIITOTHYecKyIo ycTouMBocTh peuleHHa w==0. IIpumepe 
MOKa3bIBaloT, YTO YCJIOBHe ) B TeopeMax | uM 2 YJIYULIMTb HeJIb3A. | 
Paccmorpum KBasHJIMHeHOe ypaBHeHHe | 


Ltt = Osjtbejx; + Wdolly,t — oe — Bu + f +1 ( 


MpH HavaJibHOM ycuioBHM (2). 37ech a;;, Qo, f H f — HelpepblBHble (PyHKIMH 0” 
t, X1,+-+,%n, U, Uf, Ux, ...,Uy,, OlpenenenHble B OOMacTH D, =[t > 
ACO 5 Kay ysysre phn <esisac0 Wan el See! gee [lul, | us|, | ux, |, pre |x, |< Aj 
MMeIOUHe HeMpepbIBHble MPOM3BOAHbIe lO U, Uz, Ux,,---,Ux, MO HeKOTOpOr? 
nopiyka, KOTOpble B CBOIO O¥epeb HMeIOT OOOGUIeHHbIE UaCTHbIe JIPOH3BOAHbIE 
mo t, X4,-..,Xn. Tlopazok mpov3BoqHbIx OyyeT yKa3aH B Teopeme 3. IIpeyne 
jaraem, 4TO f(t, X1,...,%n, O,..., 0) 0. IIpogucpepenupyem p pas Amz He 
U, Uz, Ux,,.++,Uy, HW VY pa3 MO OCTaJIbHbIM apryMeHTaM MH NOCTaBMM B MOwyyeH: 
HYIO TIpoHsBOHY!O. BMeCTO WU JHOOYIO HellpepbiBHO Audppepenuupyemyro a 
u3 D». Tlonyyennyio Takum oOpa3om csoxKHyi0 cbyHkuMio or t, X1,...Xp Oyqen 
oOo3HayaTb yepes Di, Qn. Tlycrh amy WOCMe NOACTAaHOBKH B HUX sio00R (pyHKUAL 
W3 Ds yOBMeTBOpAIOT mp t > 0 ycnosusm (3) u (4). 

Teopema 3. Jlonycmum, «mo npu = max ({[n/2]+ 2,3) eonorneno 
caeOyrouue Hepaeencmea: 

1) | Dorey, Ile | Diami les | Dy ami Iz 
Olt: 

2) |Diflles |Difller IDitif ll cgpuy< Ao (t)s 2<v +p <7 

3) [Difle: |DuF lego <Ag(t), 2<vt+u<y, pod; ID" Piz, 


|Difllz,< const; sdece q(p) maxkue oe, Kak 6 ycaoeuu 1) meopemot 2) 
A, — nenpepolenoie dbynkyuu t, unmeepupyemole om 0 Oo oo; 
A) 0 == COMS t= a) 8 = const > 0. 
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pany <Ag(t), 2<vtu<y, lemca 


Toeda, ecau 


wy a (D? u Tere DF |e) dt] <3 (6), (6) 


p=0(p) Ey 


? cyuecmeyem npu ecex t >0 Kaaccuxeckoe pewenue ypaenenua (5) 
4 potne,) > lelle<e. 


2. Tlycrs yjaHa cHcTeMa 
AQ (t, x) Us = AS(t, x) Ux, + Bt, x)U+ F(t, x) (7) 
IPH HayasbHOM ycu0BHH 


U (0, x) = ® (x). (8) 


sgecb A® — 3pMHTOBbI MAaTPHIIbI C 9uleMeHTaMU af,;; B — KBapaTHas MaTpHtla 
aJIeMeHTaMH bm;; U, F uw © — cTonOubl c SeMeEHTAMH Um, fim, $m (O<p<Kn, 

ei, b= N). to 
Ilyctp mpu t > 0 spmoumneno ycuoBne 


(AQR,, &) i to (,, )s, to = CONST 0. (9) 


)OosHauum uepes M maxcumym jae,| (l1<e<n) B waimugpe I, u nyctp 
pn Bcex d>0, T>0 


\ar 8 (10) 
d 
peqnosoxKNM, 4TO B WOOO OrpaHMyeHHOM uacTH osynpoctpanctsa ¢t > 0 
EC, Om EC, ||DOmillz, const (q=n(n> 2), 2+ 4(n=2), 2(n=1)), 
mE WS, fm€ WL. Torgza cnpapequmea: 
Teopema 4. ITpednoaoscum, umo A? — Ay, + B -+- B* =C+T, ede C — no- 
MOAKHAA HenonowumenoHanA apmumoea mampuya, a |I(t, x)|<A(b). 
deco O°, = bim u dynxyusa A (t) cymmupyema om 0 Oo oo. 


T0204 ||Um |zyz,) << (L<m<N) npu ecex t>0, ecau 


F(A imo ®, B)dx + SV Mim lorem dt <8 (2). 
iB m=10 


Teopema 5. Iycmo Koappuyuermo ae, (O<p<n, 1<l, m<N) 
Ooenemeopsiom ycaoeuio 1) meopemos 2 npu k>1; B=C+G, ede 
S— nocmoAdHan HenonooncumenobHaA apmumoea mampuya, a alemenmeal 
y(t, *) mampuyet G ydoeremeopsiom ycaoeuio 2) meopemot vp 


To020a | Um || W,(e—1) (Eq) <enpu t>0, ecau 


ee. : 
SE [forory, pr paae+{ 


p=0(p) Ep 


N 
S12? in been dt] <3 (0). 


1 


PaccMOTpuM [Ip HataJIbHOM yculopuM (8) cucTemy 
A°U; = A°U,, + BU + F (é, x, U) + F(t, %, VU), -P(t,-«, 0)=0 (11) 


> BEU[eCTBEHHBIMM CHMMeTPHYeCKHMH MaTpHilaMH Attias, UO) (<0< 1) v 
3CINECTBCHHOM IOCTOAHHOM MaTpuuei B, arate B o6sacrn pe i a > 0, 
Mo << Xy,..:;,%,<. + COlK Dy, D, = [|u|], ---, | Unv| << A] BbilomHeHbI 


speSopanua (9) u (10). 


2 JIAH, 1. 123, Nd 4 593 


Teopema 6, Ecau ain yOoesemeopatom ycaoeuto 1), fm — ycaoeuio 2), 
fm — ycaoeuio 3) meopems 3(0<p<n, l1<m, I<N), B+B’=C 


(6,,,= 01m), 2e C— HenonoocumendHan mampuya, u 
N se) N al 
YE D[) AD? U, DU) node +) SID" False,9 dt|<8(e), 
p=0 (p) Ey 0 m=1 


mo cyiwecmeyem npu 6cex t > O Kaaccuueckoe pewenue ypaenenusn (11) uw 
I Um Ny) )? || Um lo: <é (1 < m < N). 
2 n 


3. Ilycrh B MpaMoyrosbHOM Mapasuenenunene QIOKtE<T, O<%4,..- 
wn < K] KosdiulwenTbl ypaBHeHun 
Unt = AjjUlxx, + QWAjotlt + Aix, + Aue + (4— PB) u + f, B= const, (12% 
M HX MpOWSBOJHbIe UMeIOT OrpaHHYeHHbIe HOPMBI!, BbINMCaHHble B yCOBAAX 1)—3) 
Teopemst 2, [€ w (Q) nu BpilomHeHo HepapencTBo (3). O6o3sHauHM 4epes 
F rpanb lapassenenuneya, exallyi0 B rumepmiockocTu x, = 0, vepes {2 — rpaHb 
B rumlepiyiockocru t=0, uepes I’—nepeceyenne F c Q. Ha Q 3ayanpr 
HayaJibHble ycmopna (2), a Ha F KpaeBoe ycuoBne 


ulx,-0 = v(t, X15 ee na) (13) 

PaccmorpuM yceyeHHylo MupamMHyy R, sexKalyio BHYTpH Q uM OrpaHHueHHy10 
runepmuockoctama t=0, t=T, x, = 0 uM opHeHTHpoBaHHOH NpocTpaHcTBeHHO— 
XapaKTepHcTHuecKHM OOpas0M NloBepxHOocTbIo S, BHeWIHAA HOPMaJIb K KOTOpOw 
COCTaBJIAeT C MOJOXKTEIbHBIM HalipaBsieHHeM ocu ¢t OCTpbIM yrou. 

JIlemma. Ecau oy & WS? (Q), oe Waa) (Q), ews? (F) u xa I @enoa- 
HeHbl YCAOGUA CoznacogaHua Oo (k—1)-20 nopaOKa eKatouwumenbHo, mo @ R 
cytuecmeyem pewenue ypaenenus (12) u€ WS” (R). Tpouseodnele nopadKa b 
umeiom npedenbHole 3Ha4eHUuA Na cevenuu Qy nupamudel R eunepnaockocmorn 
t=const @ mom cmolcre, umo cytuecmeytom nocredogameAbHocmu Henpepolenol? 
dbynkyutl, cxodauueca « D?u caabo 6 L,(R), Komopele caabo cxodamca u ¢ 
Ly (Q). 

B sro slemMe 4nCJIO TpeOyeMbIxX OOOOUICHHBIX MPOH3BOHEIX OT po, ©, ¢ 
M NOpaAqoK ycJIOBHH cCorjacOBaHHA CHYKeHbI Ha efMHMILy MO cpaBHeHHk 
c pe3ymptatom O. A. Jlaqpnxenckol (?). 

PaccmMorpHM cMellaHHy!o 3ayayuy (2), (13) qua ypaBHenua (12) B o6snacTy 
V= [td >0, Xn > 0, = 00< My ++ Fa < +00] Tycth go€ W (Q) 

—] — 
gr EWs 9 (Q), PEWR"(F), FEW (V), rae Q = [x, 0, t = 0], F=[xn, = 0, 
t>O0] una I'[t =0, x, = 0] Bpmonnenbi ycnoBua corsacopaHua yo (k — 1)-1% 
nopsyKa. Ilycth Takxxe HepaBeHcTBo (3) BEINOWHAeTca BV. Torga ‘oot De 


Teopema 7. Ecau 6 o6aacmu V éoinoanenot npu R>>1 ycaoeua 1)—2 
meopembet 2 u, Kpome mozo, |Ami|<const (l<m<n; 0<l <n), A(t) 
A, (t) <const, a B — nozostumenonaan nocmosnKHasn, mo |\u ly) (E,) © Mpu ou 
t > 0, ecau : | 

(2 at: Dp 2 2 
|| 4 [0 hwo) © i. >) YP? Filey + | ery 
p=0 (p) 
co k—1 
+4 DSWD? Flso +1D? FlBsay) dt <8 (ee 
Q P=0 (Pp) 


“Tenuurpayckul rocyapcrseuublii melarormueckuli MucTUTyT] Iloctynuvio 
um. A. HM. Tepueua 28 V 1958 


WHMTMPOBAHHAA JIMTEPATYPA 


: C. JI. Co602e8, Hexoropsie npumenenus (by HKUMOHaNbHOrO aHaH3a B MaTeMaTH 
ueckol dusuxe, JI., 1990. % O. A. JIaqbtxeuckaas, Cmewannaa 3amaua ana rune 
Oomuueckoro ypaBHeHua, 1953. 
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Jloknagn Akagemuu nayr CCCP 
1958. Tom 123, Ni 4 


MATEMATHKA 


A. A. JE3HH 


KOPPEKTHAA FPAHHUHAS 3AQAYUA JJIA HEKOTOPDbIX 
HEK JIACCHUECKHX OMEPATOPOB 


_ UTpedcmaezeno axademuxom ~C. JI. Co6oanesoim 3,VII 1958) 3 


_ Vepmanzep (('), cM. Takxe (?)), HcnOIb3ya HeKOTOpbIe mocTpoenusa, mpel- 
jowkeHHpe M. M. Buuimxom (3), noka3as, TO B OrpaHHueHHOH OOsacTu V WwiA 
roOoro AuddepenualbHOrO OMepaTopa @ C MOCTOAHHBIMH KooddbullMenTamH, 
MpeAeJICHHOFO Ne€pBOHAYaJIbHO Ha MHOXKECTBE PaKUX (byHKUMH, TOKAECTBEHHO 
taBHBIX HyJIIO Ha rpannue V, cyuecTByeT Tak Ha3bIBaeMOe paspellHMOe pacluH- 
enue (T. €. TakOe paclinpeHHe, IIa KOTOporo ypaBHeHHe au=/f uMeerT elUH- 
TBeHHOe pemleHHe Np MoOOH npaBoh uacTu f u3 ruLOepTOBa mpocrpaHcTBa 
HYHKUMH, CyMMMpyembIxX c KBafpatom B V). IIpu stom, ofHaKO, Bompoc 06 
ITbICKAHHH TeX yCJIOBHH (rpaHHUHBIX), KOTOPble 3TO pacWuMpeHHe Onpeyemsaior, 
IcTaeTCA OTKPbITbIM. B HacToslee BpeMA JOCTaTOUHO pa3sBHTOH sABMAeTCH 
HMUIb TEOPHA CPaBHUTebHO HCOOMbIWIOTO UNCJIa TpaHHUHbIX 3aflau DJIA ypaB- 
(eHHU CMeMMaJIbHbIX THMOB, OOOOMLaIOWIMX KlaccHuecKue ypaBHeHHA MaTeMa- 
pHueCKOM (PH3HKH, HM BPA, JIM MOXKHO CTABUTb BOMpPOC OO OOUeEM MeTOJe OTLICKa- 
WA «XOPOeH» 3aauH IA MpOM3BOIbHOTO Hanepey 3aqaHHoro onepaTopa. 
cBeTe CKa3aHHOTO aBTOpy KaXKeTCA MpeACTaBJIAIOWMMY HHTepec HaKoMeHHe 
PaKTOB H Me€TOJOB, OTHOCALIMXCA K BbIJeeCHHIO KOPPeKTHbIX! PpaHMUHIX 3ayay 
PIA «HeKIacCH4ecKHX» OnepaTOpoB. OAHAa u3 noOAOOHEIX! 3ayau U paccMaTpHBAeT- 
ia HDKe. Mcnob3yemble MeTObI CBA3AHbI C HCAMH, MpeVJIO*KEHHIMH B padoTax 
-°). 

| PaccmoTpuM orpaHH4eHHy!0 3Be3Hy!0 OGJIacTb Q y-MepHOrO mpocTpaH- 
iTBa Me@PCMCHHBIX X},...,%y, HMycTb V=[0<x)<1]X Q. Byaem u3yyatb BV ypas- 


au=—Diu+lou'=f, D'= a (1) 


te b — sanuntuyeckui (B OOOOUIeHHOM cCMBICIe) OmepaTop cj{mocTosHHbIMU 


kospuluentamu, T. e. AudpepenivasbHbId OMepaTop Bua 


b= 3 bDM, (D,=e-, D'=Di...DP, lalau+it+a, 
lal<m ss 


pOlalaollu OnpeyeseH HbIMH CBOHCTBaMH JeuHUTHOCTH, OpMyJIMpyeMbIMH 
“me. Bce MIpOH3BOJHbIC MOHMMAaIOTCA B CMbICJe Co6omepa—IlBapua. Hu mpez- 
lonomkenue O MOcTOAHCTBe KOSPPULMeEHTOB, HH mpefmouowenue 00 oTcyTCT- 
\sHu HeCaMOCONpPAXKeHHOH Milafueli YaCTH He ABJIAIOTCA CYULCCTBCHHBIMH AIA 
ficnovIb3yeMoro MeTOja. : 
Bymem cuvtaTb onpesemenubim B V rHibOepToBo mpocTpaHcTBO dyHKUn 
r CYMMUPYeMBIM KBapaTOM C OOBIYHbIMH CKaJIAPHBIM NPOM3SBeAeHHeM H HOPMOH: 


(i,0) = \ HOV ie) P= (a). 
\V 
' Byyem ropoputs, 4To uC, ecM WU — ocTaTOUHC riayqkaad @yHKWMA, TO*K- 
MecTBeHHO paBHad Hysi0 Ha rpanuue V. Mpr cunTaem onepaTop b TaKHM, YTO WIA 
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u€C  BbIpaxkenue 7 


(Dou, Dou) + (bu, u) = (Dott, Dot) + Y} (1) e(D 4 Bie) (3 


jaj<m 


MOXKET PACCMATPUBATLCA Kak OMpefeNAIOUee CKAaAPHBIM KBa[paT B HEKOTOPO 
MeTpuke. 3ampiKanne C B MeTPHKe, MOpPOxXKLEHHOL COOTBETCTBYIONIAM CKaJIA PHB! 
IpoHsBeyeHHem, JacT rubG6epToBo mpocrpanctso W. Byem 3amucbiBaTb HOPM 
B W B Bue Ed 

|u, W |? = (Dou, Dou) + (Bu, Bu), 


rle NOCIeIHH WICH O3HaYaeT COKPAaIL[eHHY1O 3alHCb CYMMBI B IIpaBOH 4acTH (2) 
B nowwumaetca Kak OnepaTop, COMOCTAaBJIAIONIMH (yHKUMH Ww HEKOTOPYy!IO COBO 
KyHOcTb ee npousBoqHEIx Bu. DyHKiun u3 W yAoBMeTBOpsAIOT Ha OOKOBOH MC 
BePXHOCTH «LHIHHApa» V ompesevseHHoH CHcTeMe OAHOPOAHbIX «KPaeBbIX» YCJO 
BHU, 3aBHcalleH OT BUa OnepaTopa 6 u oOmacTH Q. XapakTep 3THX YCJOBHI 
OyeT ONPEAEMATLCA COOTBETCTBYIONHMH TeopeMaMu BslOKeHUA. Mx aABHaa dop 
Ma Hac He HHTepecyer. 
IIpumep. C name Toukn 3peHHa SIMMITHUeECKHM ABJAeCTCA, HallpuMep 
onepaTop 


= —D?+ Dé, (Bu, Bu) = (Du, Du) +- (D3u, Dpu). 


IIpu paccmorpesuph B Q=[0<x%,<1] X[0<%,<1] coorsercrsyiomu 
«KpaeBbIMH)  YyCIOBHAMH OyAyT U|x-9 = Ulyar=Ul_no = Ulya = 
Du |x2—0 = Du |eomt = 0. : 

OTMeTHM, 4TO YCJIOBHA TO Xo, KOTOPbIM YJOBJICTBOPAIOT (yYHKUMH v3 
(T. €. YCMOBHA U|y,-9 = U|x,—1 = 0), ABHO yUacTByIOT B HalllMx paccMOTpeHHsAy 


Msi 6yyemM nomb30BaTEca TakxKe Tem, uro u3 DG>wEH canexyer BosMorKHOC 


on 
paccmotpenua Dj’ w Ha Mpow3BONbHOM ceyeHHH x) = const. 
Jina npowu3sBoibHok uEéW, yyoBseTBOpAIOUIeH JONOHATeJbHbIM YCJIOBHE 


DRuECH, Dotle—o = 9, ( 
onlpeyesuM omepaTop au Kak cdbyHkKumonan Hay W, non0%xKuB 
<au, v> = (Dou, Dov) + (Bu, Bv), veW. (i 


IlocrpouM Tellepb saMbikaHvwe OlpeyevieHHoro TakHM O6pa30M omepatopa 
Paccmorpum Haq W dbyHkmMoHan, onpexennemptii snementom f €H no mpasus 
<f, 0) = (f, 0), ¢ nopMoii 


(f, W |= sup= I at ’ 


TlonomHenne H to Hope (4) qaer npocrpancrso W~?, H30MeTpH4ecKH-H30MopG 
Hoe, Kak HeTpyHO MPOBepHTb, MpocTpaHcTBy BCeX JIMHeHHBIX pyHKUNOHA 
Haq W u, CJleqoBaTebHO, ABJIAIOWeeca rvuIbOepTOBLIM. | 
Ilyctb Teneppb u€W Takopa, 4TO Jit Hee CymlecTByer TaKol 3memer 
—] vo 
f@€W uw takad nocuegopaTenbHocTs wu; dynkuuit us W, YNOBNETBOPAION, 
AONOHUTEBHO yculoBuio (S) Hu ycnoBuio D)»Bu;EH (ato yaa paccMOTpeHHO 
5 | 
mpumepa sHauuT Dy Du, Dy Dju H), ato |u—u;,, W{—>0, | au;—f, Wiss 
pH i— oo. 
Hasopem Torqa u S-pemenuemM ypaBHeuna (I). Coorserersyiourd 
pacilMpeHve oMepaTopa @ nasoBpem S-pacilupenuem. 
JIemma 1. J[na S-pewenuti ypasnenua (1) cnpasedauso Hepaébercméo | 


ju, Wi<elf, W}. ( 
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Jlocratouno yCTaHOBHTb HepaBeHcTBo (©) ya cbyHKunH u; almpoKcumnu- 
ylouleH MoCNeoBatTembHocTH. J[oKasaTeJIbCTBO NpOBOAUTCA yTeM NOJCTaHOBKU 
(3) v; = u;, a 3aTeM 


uz(t, x) (1 — xo) tix<l, 


bn i ie es ge 
Ue (Nos &) = elle (by oe) Ott M ) 


Co OL ee 
NOCJeyIOWMM WHTerpHpoBaHHem m0 ft. 

} CueyctTsue 1. S-pemwenve ypapnenua (1) equncrsenHo BW. 

) aa 2. OOsacTb u3sMeHeHuA S-pacuiupeHus onepaTopa 3aMKHyTa 
» Sajaya jlasbuelWero — N0Ka3aTb, 4TO O6NacTb u3sMeHeHHaA S-pacimmpeHua 
}copnayjaeT co Bcem W?, T. e. ypaBHenne (1) umeer S-pemlenve mpu sm06oi 


):W +. [luna storo Ham NorpeOyeTca MpHBedb K paCCMOTPeHHIO OMepaTop a* 
HOpMasIbHO COMps2KeHHbIM K ONepaTopy a) H COOTBeTCTByIOIlee ypaBHeHHe 


a’vu=Diu-+bv=g. (1*) 
SamenuB ycuiopua (S) Ha ycuoBua (S*) 

DOCH, . Deo {p20 = 0, (S") 
pKEM OTIpe{eUTS a” Kax (pyHKi\Mona Haq W, nosoxus 
<u, a’v> = — (Dou, Dov) + (Bu, Bo), (3°) 


eu€W; v€W un yyopnerBopseT ONOMHHTeIbHOMy ypaBHeHuto (S*). na 
aBHeHua (1 ) MoxkeT ObITb onpeyemeHo S-petienwe, Ja KOTOporo OyzeT 
paBejlmBoO HepaBencTso (®). BooOule, BcAKOe yTBep*eHve, MOKasaHHoe TIA 
epaTopa @, aBTOMaTHUeCKH BJIeUeT CIPaBeLJIMBOCTb COOTBETCTBYIOMNerO YTBep- 
HeHuA Jia oOnepatopa a*. Tlostomy jocTaTouHo orpaHHuHTbcaA M3y4eHHeM 
bepatopa a. 

OnpeyeiuM ene OHO paciiMpeHue onepatopa a, oTMuHOe oT S-pacuiMpeHus. 
lukuuo ue W, Ana KoTopol cyujectByer aement f €W ! taxol, 4ro npu 
60H vEW, yAoBnerBopsiomel OMOuHHTeMbHO ycJoBuaM (S*) Hu yCJOBHIO 
},Bu€H, cipapeymuBo paBeHcTBo 


<u, a’vy = <f, v>, 


isopem V-peuleHHemM ypaBHeHHa (1), a CooTBeTCTBylollee paciluMpenve 
feparopa a—V-pacilupeHiem. 

JIemMmMa 2. OQunemenm us W, opmoeonarbnolii obnacmu UuUsMeHeHUA 
[pacwupenua onepamopa a’, sAeanemca V-pewenuem ypaeHenua 


i 
i au = 0. (5) 


| YrBepxeHhe CuleqyeT HeMOcpeCTBeEHHO U3 ONpefedeHul. 

_Jlemma 3. V-pewenue ypaenenua (5) eOUHCMBeHHO U PabHO HYAMO. 

| Jina yoxasaTembcrBa B (3) NOAcTaBAeTCA CyHKWHA V, ONpeednemaA yCwO- 
bamu Dov =U; 0|x,<9 = Ura = Dod |x,=1 = 0. 

) Kak ormeyasocb BbIle, CpaBeJIMBOCTb JIeMM 2 H 3 BuleYeT CMpaBeAJIMBOCTb 
iM 2* u 3°. 

| JIemma 2". Quemenm us W, opmozonaronoii o6nacmu usmenenua S-pac- 
lupeHun onepamopa a, sganemca V-pewenuem ypaeHeHun 


av = 0. (5°) 


JlemMa 3°. V-pewenue ypaenenua (4") eduxncméeeHHo u paseHo HYyAio. 
Orcioya mMosyuaem: 
Cuencrsue 3. O6snacTb u3MeHeHHA S-paciiMpeHHaA OMepaTopa @ 3alloJi- 


eT Bcé mpoctpanctso Wt. 
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IlockompKy Bcakoe S-pelleHve ABMAeTCH OAHOBpeMeHHO V-pellieHHeM, a MIC 
culelHee, B CHJIy JIeMMbI 3, €MHCTBeEHHO, HMeeT MECTO: 

Cnexctsue 4. IIpa modot f&W + S-pemenne u V-perienve copnayaio 

Hasopem S-pemeHHe OOOOMWeCHHBIM pelleHHNeM ypaBHeHHA (i 

Teopema. O6o6wexnoe pewenue ypaenenusn (1) (uau (1*)) npu ato6o 
FEW (g EW) cywecmeyem, eOuncméenno u npunadrencum W. 

HenpeppisHad 3aBHCHMOCTb MOCTpoeHHOrO pelieHHA OT MIpaBol 4acTH CieAye 
Henocpey[cTBeHHO 43 (). 

Sameuaunne. M3 cospmayenua V-pemenua u S-pellenva culeqyeT, UT 
BeaKaa (cbyHkuua u€W wu yyopsersopsiomad JONouIHHTeIbHO yculoBuIO (S 
MIpHuaywiexkuT oOmacTH onpeyenenua S-paculmpeHua oMmepaTopa a. 

SakNIOUNTeIbHOe 3aMeuaHHe. CyeCTBeCHHbIM, Ha Halll B3rJA] 
OTJIMYHeEM TIPHBeeHHbIX (a Tak?Ke HCMOJIb30BaBLUHXCA B (°)) MocTpoeHHH © 
nlocTpoeHui B (4, 5,7) ABAAeTCA MCHOJb30BaHHe 3aMbIKaHHA OMepaTopa B Mpc 
CTpaHcTBe OGOo6meHHBIX dyHkuni W. O6pmHo 3amMbikaHHe CTpoHJioch B fi 
HW JMIUb pH UCCJIeOBaHHM OPTOrOHaJIbHOrO JOMOHeHHA K OOJIaCTH M3MeHeHH 
MIOCTPOCHHOFO paclIMpeHuA (HIM «CAaObIX PeWeHH» COMpsxXeHHOrO OJHOPOTHOI 
ypaBHeHi) puBJieKasucb HHbIe mpoctpauctBa (°). Micnompsyemaad cxen 
MO3BOJIACT MAKCHMaJbHO COuIM3HTb «cula6oe» (V) H «cHuIbHOe» (S) pelienus 
o6slersad MoulyueHHe TeOpeM CYLLeECTBOBAHHA HM e€MHCTBeCHHOCTH. | 

_ Bonpoc o cBolicTBax MOCTpOeHHOrO PelleHHA MbI OCTaBJIACM B CTOPOHe. 


Martematuyeckuit uucTuTyT uM. B. A, Creknosa {loc - ynuso 
Axkayemuu HayK CCCP 4 21 VI 1958 
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Toxrnagn Akagemun nayx CCCP 
1958. Tom 123, N 4 


MATEMATHKA 
B. A. 3AJIPAJIJIEP 
M3OMETPHUHOE BJIOKKEHWE MOJIMIIPOB 
(ITpedcmaeaexno axademuxom B. H. Cmupxoeeim 7 VII 1958) 


n o 2 
1. Ilycth P,— n-mepubili nommayp, cocTaBeHHbIli 43 CHMMVIeKCOB mpocTpaH- 


if n on 
vcTBa R° TOcTOAHHOK KpuBY3HBI. Ecsm momuayp P”, cocrosmuli u3  cuMmeK- 


ico s* pasMuHOH pa3sMepHoctH k=0O,..., 7 MOApasyeeH Ha CHMIMJICKCHI 3 


‘WM Karkypili cummyiekc s* nomyuenHoro nomMaypa p BloxKeH B R” (BOsMOXxKHO, 
'C HaJieraHHAMH STHX CHMIVIeKCOB pyr Ha Apyra), MpHyem Tak, 4TO NosexKa- 


GiHe CKJICEHBAHHIO B COCTaBe P” TouKM S9THX CHMIMVIeKCOB COBMaWatoT 10 MOJIO- 
! n 
KeHHIO B Rk’, TO CKJIeHBaHHe STHX TOUCK MOXKHO CUHTaTb BbITIOJIHCHHbIM, HW MbI 


TOBOpuM, 4TO NomMayp P” usomerpuuecku BsIOx%KeH B R” (BO3MOXKHO, C CaMo- 
TlepeceueHHAMH HM Hawleranuamu). [Ipocroh upuMep Takoro BJIOxKeHHA JaeT cwO- 
OKCHHBIM B HeCKOJIbKO pa3 HM MOJIOXeHHbIM Ha MVJIOCKOCTh OyMaxXHbI MHOro- 
YIOJIbHHK. 


Teopema. JIpu n=1,2,3,4 ecaxuii noausdp P", cocmaenennolti us 
cumnaekcoe npocmparncmea R" nocmosnHoti KpueusHel, mooKem Oolmb u3z0mem- 


puuecku enonen 6 R", ecau OonycKamb camonepeceieHuA U HAAeeaHus. 
2. TloacHumM cHadasia mpediaraemylo KOHCTPyKUHIo Ha IIpHMepe BJIOKeHUA 

pasBepTku P* 3aMKHyTOH MHOrOrpaHHOH MOBepXHOCTH B MOcKOcTb E?. 
'  Ormerum Ha mopepxHoctTn P? TouKH A, ABJIAIOULMeCA BEPIIMHaMH PpasBepTKH. 
/Pa306pnem P? wa «o6sacTu Bopouoro»y, BkIO"ad B Kaxkly1o OOacTb U(A) te 
TOUKH MOBeEPXHOCTH, KOTOPbIe MO paccTosHuIo Ha P? yfanenbl oT A He Gombe, 
‘vem oT J060H Jpyrol u3 OTMeYeHHBIX TOUeK. OOmacTu U(A) 6yAyT uMeTb BUA 
reojle3HueCKHX MHOFOYyFOJIbHHKOB, KaxkK Abi c OMHOH TOUKOH A BHyTpH. Ilomumo 


'TOURK, OOWIMX C JpyrumMu OOsacTAMH, OTHeEceM K rpaHHue U(A) Te TOUKH ITOK 
O61aCTH, KOTOPbIe MOXKHO coeqHHHTEbC A Ha P?Ooulee YeM OHOH KpaTuahuel. 
Dro TOUKH, B KOTOpbIxX OOJlacTb U(A) «rpaHnuuT cama c codol». Ilocme storo 


KaxkJaa o6actb U(A) Moxer ObITb pa36uTa Ha JlexKallue Ha NOBEPXHOCTH Tpe- 
yrombHuku T c BepuiMHamu A M OCHOBaHHAMHM Ha rpaHuue U(A), npuuem Tak, 
“UTO CM@XKHbIe TpeyroJIbHHKH JT c BepwiHHOH B A OyAyT mpuseraTb MO WesbIM 
©OKOBbIM CTOPOHaM H, KpOMe TOFO, Bce TpeyroubHUKH T us BCex OOacTeH pa- 
BO06bIOTCA Ha Napbl TPeyFOJIbHHKOB c OOWMMH OCHOBaHuAMH. IIpusmeratoune 
TO OOLIEMy OCHOBaHHi0 TpeyrouJIbHUKH T’T” OyAyT H3OMETPHYHbI PaBHbIM MVJIOC- 
KHM TpeyrOJIbHHKaM. 

Tleperpnanrynupyem P? ua yKa3anHHple TpeyrombHuKu T. Karkyyio mapy 
jTpeyrosbHuKoB 7”, T” C OOWLMM OCHOBaHHeM BbIJeJIHM H3 COCTaBa P?, pa3orHem 
Ha IIJIOCKOCTb H NeperHeM OTHOCHTeJbHO HX OOulero ocHoOBaHHA. Loyuuted WBaxK Ab 
NOKpbITbIi MOcKH TpeyroubHuk. Mbi ero meperHeM elle OHH Pas OTHOCHTEJIb- 
HO OHCCEKTPHCbI yrsia Ip TOM BepluMHe, B KOTOPyio MoMA HCXOAHbIC TOUK A. 
Tipu 2ToM ucxofHbIe OOKOBEIe CTOPOHbI TpeyrovlbHuKOB 7”, T ’ OyAyT HATH u3 
ooueli TOuKH A BJOuIb OHOrO u TOTO xe Jy4a. Ha nuiocKocTu E* BpiOepemM TOUKy 
O uw BEIXoLauni u3 Hee ayy J. Bce nomyyennpie BbILe pUurypEI HasoxKNM Ha E?, 
nomemas TouKH A B O u HanpaBad OOKOBbIe CTOPOHb! TPeyTObHHKOB 7’ BAOIb 
1. IIpu takom BJIoxKeHHH BCe CKJIeHBaHHA TpaHHit 7’ MOXKHO BBINOHHTb, H pe 
OKa3bIBAeTCA H3OMETPHYECKH BJOX%KeHHBIM BE, 
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CyenanHoe MocTpoeHHe OTHOCHTCA K JIOObIM Ppa3BepTKaM, 3aalOUMM MeTpH- 
30BaHHOe JIByYMepHoe MHOrooOpa3ve C MHOrorpaHHOH MeTpHKOH. 

3. Tlepeliqyem K qopmysmpopaHHolt pple Teopeme. JloKasaTembcTBO Oy]eM 
BeCTH HHJYKuel 10 N, OfHaKO pH KaxKOM cyeqyioulem nm HaM MoTpeOyetca 
HECKOJIbKO HHasd KOHCTPYKIMA BCHOMOraTesIbHOM cyicTeMbI TOueK {A}. 

IlycTb TeopeMa BepHa JX Ka2kyOrO R”™ npu smo6om P”*. PaccmoTpum 
npouszombHbe R” u P". Jina mpocroTst 6yyem cuutatb, uTo: 1) nommsgp P® 
cBa3Hbili; 2) B P” ner cummnexcos s* (k<n), HE SABJIAIONMXCA TpaHAMH CHM- 
iekcop s” u3 P"; 3) no KaxkqoMy cuMmviekcy s?—! B P" cknevBaeTca He 
MeHee JIByX cuMmIekcos s*. YcuoBus 1) u 2) MOxKHO OOeCIIeYHTb NOJKJICHBa- 
HHe€M JOMOJIHHTEJIbHBIX CHMIVJIeKCOB, yCJIoBHe 3) — nmofKseHBaHHeM 0 CBOOo,- 
HbIM s*—1 Broporo 3K3emnuspa P”. Tlocue Bioxkenia B R” jOOaBseHHbIe CuM- 
IIJIeKCbI MOXKHO OyeT OMNYCTHTb. | 

B cuny 1) nomegp P” OyyzeT MeTpHuecKHM mpocTpaHCTBOM: OCTaTOYHO 
TIO, paccTOAHHeM MexKy erO TOUKAMM NOHHMaTb HMXKHIOIO FpaHb JVJIMH JIOMaHBIX, 


coesquHmomux B P” STH TOUKH. 

Ortmetum B P” KoHeuHy!o cucTemMy Touek {A}, BKsIOUad B Hee BCe Bepllin- 
HBI S° H elle H€KOTOpOe MHOxXKeCTBO TOUeK, JIexKAaIMX Ha TpaHAX CHMIIJIeKCOB) 
st (k << n— 2). [locne Bpi6opa cuctrempl Touek {A} MeTpHueckoe MpocTpaH- | 
ctso P” pas6usaetca Ha «o6sacTu Bopouoroy caeqyrouiuM o6pa3om. K Kak]On 
BbIOpaHHOH Touke A MpwseraeT KOHeyHOe 4HCO cHMMvIeKcoB s”. B KaxK]OM 
TaKOM CHMMsleKce N1poBeyqeM u3 TOUKH A BO BCeX BHYTPeHHUX JIA CHMIMIeKca s” 
HallpaBJieHHAX JIYYH, MpHyem KaxybI syd WpomomwKaem Kak TeojlesMueckytO 
B lipoctpanctse P” oO Tex lop, NoKa ero TOUKM ocTatoTca Gosee OH3KHMK 
OT JaHHOH ToukH A, ueM OT mMOOOH Apyrot TouKH cucTembl {A}, MW MOKa 9Ta 
JIMHHA OCTaeTCA CJMHCTBEHHOM KpaTualiilel, coequuaomel ee Toukuc A. Ecum 
NIpoBoyuMan reomesvyecKad yocTHraeT rpanu s* (0<c k<n—1), To ona MOxKeT 
Pa3BeTBJIATLCA, MpOYOMKaAch B pHwierarouux mo s* cummiekcaxX s* BO BHYT= 
PeHHUX JIA STUX CMMIMVJICKCOB HallpaBJieHHAx. OTH BbIXOAAUMe U3 A OTKPbITHIe 
reoflesHueckHe JIYSH 3allOJIHAT MHOXKECTBO TOYUeK, KOTOPOe Ha30BeM OOJIACTbIO 


Boponoro U(A) touxu A. SampikaHHa TakHx o6sactei U(A) 3anonHAIoT 
Bce P”, 

Cyeuaem Tellepb JOlymleHue, 4YTO KOHeUHYIO cucTemMy Touek {A} yjaJioce 
BbIOpaTb TaKHM OOpa30M, 4TO HH OfHa u3 OOacTei U(A) He nepeceKaeT 
cumiuiekcos s* (k<n—2). Torga o6nactu U(A) 6yfyr upuseratb Ho rpaHsM, | 
IpeAcTaBJIAIOWHM COCO MHororpaHHuKH. JeHcTBHTebHO, B 9TOM CJIydae BAOJIb 
KaXK Oro MpOBOAMBIUerocA Jlyya CYLeCTByeT M-MepHaw OKPeCTHOCTb, H3OMeTPHU- | 
Had oOlacTH BR"; nosTomy rpaHulla mpuieranua o6sacteli U(A), B Koropy10| 
yuupaeTcs STOT JY4, OKaJIbHO OKa3bIBaeTca (nm — 1)-MepHoli mocKocTHIO BR”. 

Ecum HeKOTOpbIM Jly4 MpoxoquT vepes rpaHb s*-1 wy mposoumKaeTcH 3a Hee, 
PasBeTBJIAACh B HECKOJIbKHX CHMMJIeKcax s”, Tpwsleratoulux mo s*—1, TO HauaJIb- | 
HbIM yYacTOK TakoroO JIlyda MbI OyeM pacCMaTPHBaTb B COOTBETCTBYIONUIEM YHCJIe | 
akK3eMIIApoB. (Ilo3xKe 9TH SK3eMIJIAPbI BHOBb OyJyT oToxyecTBueHbI.) IIpu | 
CfeaHHOM JlomymenHM o cuctreme {A} Kaxypy1o u3 o6nactelt U (A) MoxHO | 
pasOuTb Ha KOHewHOe YUuCIO Nexamux BP” (buryp, M30MeTpHYHBIX n-MepHbIM | 
mupaMujam BR". Oru mapamuybl OyAyT uMeTb BepuIMHbI B TOUKax A, a UX | 
OCHOBaHHMAMH OynyT (”m— 1)-mepHble MHororpaHHHKH, MO KOTOpbIM Mpuuieraiot | 
o6mactu U (A). Hexoroppie us nupamug c BepuimHama B A MoryT 3anomHATDca | 
COBMaalolluMH Ha HauaJIbHbIX y4acTKaxX YTeoyesHyecKuMH JIyuamu. B 9TOM 
ciyyae HM MMpaMHybl B WesIOM coBNayaioT BOH3H A BIOTh JO HeKOTOpO! | 
rpanu s*~1, a, 3aTeMm 3a STO rpanbio, MposomKaloTca B pasmMuHBIX s*. Mor 
Moka pacCMaTpHBaeM 3TH NMpaMHbl Kak pa3JiMuHble. | 

Bee tpusieraioulve Mo OfHoMy OOmeMy OcHOBaHMIO NHpamuybl SyLyT H30MeT- 
PHuHbI paBHEIM nupamuyaM BR” (y HHX PaBHbI OCHOBaHHA HM OMHAKOBBI pac- | 
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TOAHUA OT BePlIMH JO COOTBETCTBYIONLUX TOUeK ocHoBaHs). B cuuy cBolicTBa 3) 
{10 KaxKOMy OCHOBaHHIO Oy/yT conpuKacaTbcA He MeHee JIBYX NMpaMuy. 
Paso6bem P” na yKasaHHble nupaMuyEl. Kayo rpynmmy mupamuy c o6m1uM 
CHOBaHHeM BBIJeJIMM 43 cocTaBa P” M paccMOTpHM Kak pa3JIHUHbIe 9kK3eMILIA- 
Obl OJHOH HM TOH 2%Ke nupamuyn BR”, HO SK3CMIVIAPbI C OTOXKTeCCTBJICHHBIMH 
sOCHOBaHMAMH. KakKqyio 43 TakKHX «MHOPOCJOMHEIX» NHpaMHy, MOXxHO pacriovio- 
VKUTb BepluMHOH B WeHTpe cibepst R” * BR", cuntaa paguye aroit ccbeppI cob 
MaJIbIM, UTO OCHOBaHHA BCeX TmpaMuy sJlexaT BHe R” *, Kayan nuupamuya 
IsbIpexKeT Ha ccepe R”* muoroKpaTHo NOKpbITbIN ccbepHuecKhit MHOFOYroJIbHuK 
jrouHee MHororpaHHuk BR” *. BpemeHHo oToxK,eCTBHM 93K3eMIAApbI STOTO MHO- 
;orpaHHuka. Kpome Toro Ha nosyueHHble MHororpanuKu B R” * mepeHecem 
}ICOOXOJMMBIi 3aKOH CKJIeMBAaHHA OOKOBbIX rpaneli nupamuy B coctraBe P”. Mat 
onyuum nommazp P"—}, coctraBeHHBtit 13 MHOrorpaHHuKoB cibepHueckoro Tpo- 
sTpanctBa R”?, 

Ilo WHyyKTHBHOMy MpeznouowKenHIo nommayp P”* yyaercx u30MerTpH- 
HeckH BlOxKHTb£B R”*. CoorsercrByiomlee STOMY BJIOXKeHHIO pagMelleHHe 
yiupamuy c BepliMHamu B IeHTpe ccbeppr R” * nosBomAeT BBINOJHUTh Bce HeoG6- 


KCOJHMbIC B COCTABEe P” cksleuBaHus 9THX NMpaMuy, BKJIOUaH He TOJIbKO CKJICH- 
BaHHA TO MpWJierarollwM TpaHHM, HO HU OTOKJeECTBJIeEHHE B HY2KHbIX CJIYUaAAX 


psieraiomux K BeplivHe OOslacTel HeKOTOpbIX mMMpamHy. Tem campim P” oKa- 


}KeTCA W3OMeTPHYeCKH BO2%KeHHEIM BR” *, 

} 4. Ham ocranocb joKa3aTb TeopemMy upH n=1 u asa mocmeqyolulux 1 
Ka3aTb KOHCTpykKUHIO cucTempl {A}. IIpH m= 1 yocraTouno KaxKbI CcuM- 
giiekc st oTJOxKUTb B R! B COMKeHHOM NONONaM BHe, MOMeLULAad Hauaso U 
coHel, st B oOfHOH Touke O. IlocKkombKy Bce s® 6yzyT B O, HeoOxofuMble 
KJICHBaHHA MO?KHO BBINOJHHTb, H P! OyyeT BOwKeH B RI. TIpn n= 2 B kaue- 
TBe {A} JOcTaTOUHO B3ATb HaOOp BeplHH 8°. 

) 6. Ilyctb n= 3 u 2/ —HavMmenbiliee u3 paccTosHuli B P? mexky He MMel0- 
IMM OOWIHX TOYeK BCeEBO3MOXKHBIMA cHMMueKcamMH us P®, Ha xKarKjom st 
PTMeTHM jBe TOUKH A, Ha OMMHAKOBbIX paccTOAHWAX ©, <1 OT KOHIIOB CHM- 
uleKca s'. OTH TOUKH pas0OblOT BCe Ss! Ha KOHIeBbIe yuacTKH si uM cpeqHHe 


wuacTKu S}. Ha kaxJOM S} OTMETHM &,.CeTb TOUCK A,. B cuctemy {A} BKJIIOUMM 


Bee TouKn s°, A,, Ay. Ipu coorsercrsyrolem BplGope 2, > 22 > 0 Bce o6sacTH 
J (A) He 6ynyT nepecekaTb cumnsekcos st. JlelicrBuTebHO, MaJIOCTb & O0€C- 
ceunr, 4TO BM Oa TOUKa Ha gs} He CMOXKET OKa3aTbCA OME OT Kakolt-s1H60 


rouKH cucTrempl {A}, uem oT TeX TOYeK 3TOH CHCTeMbI, KOTOPbIe OOpasy!0T 
-CeTb Ha SI. Hlonyctum, uTo Touka X €s! oKaxKertca 6uxKe K HeKOTOpPOH 


! 


louxe A, uem K KonIaM sj. Torga m0 MaslocTH €, TO¥Ka A JI@XKUT Ha CHM- 


eglexce st, umeroulemM oOunii Kone s? c sj Ho torga unu A ecrb seKallar 
‘a s! pOmu3u s° TouKa A,, unu A, eure Guwxe K X, vem A. Ho BBuyy pac- 
LomloxKeHuA Kona A, oTpesKa sj HM TOUKH A, Ha OfMHAaKOBOM pacCTOAHHH OT s° 
louxa X ne MoxeT ObiTb OnmxKe K A, uem K Aj. 

Teopema Joka3aHa Jia n=1,2,3. Mp ne OyeM MpHBOJUTb HECKOJbKO 
PONee CNIOXKHOM KOHCTpykKWMH cHcTembI {A}, KOTOpad OKasbIBaeT Teopemy JIA 
»= 4. Konctpykunel cuctempl {A} Id sioOoro n MbI NlOKa He pacmoviaraeM. 


JleHuurpayckoe orjesmeHue 
Martematuyeckoro uHcTuTyTa uM. B. A. Crexopa Jlocrynuno 
Axaylemuu HayK CCCP 2 VII 1958 


_* Jlaxe B cuyyae, Korga R” 9BKsugoBo, a P” — mHoroo6pasve, Halle nocTpoeHie mpH- 


O§MT K cibepHueckOMy R™— vt o6memy nommagpy P”—?. ostomy teopema dopmysmpoBasiacb 
pa3y JWIA OOMIMX MOMMSAPOB M MPOCTpaHCTB MOCTOAHHOH KPHBHSHEI. 
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JToxrnagyn AkayqemMun HayK cCGcP 
1958. Tom 123, Ne 4 


MATEMATHKA 


E. M. JIAH{HC 


O 3ABHCHMOCTH MEXKAY 4YACJIOM MEPEMEH 3HAKA PEDEHHA 
3JJIMMTHYECKOrO YPABHEHHA HW POCTOM PEMIEHHA 


[ (ITpedcmasaeno axademuxom H. I. Wempoecxum 8 VII 1958) 


IlycTb MMeeTCA JIMHeHOe SJIIMIITHYeCKOe ypaBHeHve BToporo NMopsyKa 


gp 


i>) Ojp (X1,- + 0) Xn) = tein > OF (ee Bute 


i, R=1 


onpeyesieHHoe B iwapoBom clloe D = {ry< |x| <7re}, THe X= (%41,..-, Xn) 
Tlycerh c(x) <0. Ilyctb, ganee, Koodpunvertst az, i, k= 1,...,n, ypaBue 
HUA Os Bark bl HeTMpepbIBHO yuddepenuupyemst B Du _ xooddunents 0; 
nae , 1, HellpepbiBHO Auddpepenuupyemb! BD. Ilycrb B D BpinouIHeHbI Hepa‘ 
ReucTBa 
‘in|, | Oaze/0x;|, | OP aze/Axj;Ox1], |bz|, |Ob/Ox;|, |el<M; 
Lisle te pil Gacalinte maul: (2 


Ilyctb B D BbINOHeEHO yCJIOBHe PpaBHOMePHOM 9JIJIMMTHYHOCTH 
n n 
D aaéite | d) di> a> 0. (3 
tn. t=1 
Ilyctb u(x) — pemienue ypaBHenua (1) B D, HenpeppipHoe B D. O6o3HauHy 
yepes D* wu D™ COOTBeTCTBeHHO MHOxKecTBa TOUeK x€D, B KOTOpbIX u(x) >i 
uv u(x)< 0. Ha30pem KoMMoHeHTy MHoxecTBa Dt umn D” cymwlecTBeHHOF 
ecJIH OHA WMeeT MIpeJeJIbHble TOUKH KaK Ha BHYTPeHHeli, TaK HW Ha BHeLIHe} 
cibepax, OrpaHwunBalolux WapoBol coh D. O6mlee uvcs0 Bcex CyllecCTBeHHbI% 
KOMIOHeHT MHOxKecTB D* ny D™ naz0opeM UNCTOM TepeMeH 3HaKa (pyHK 
Wu u(x) Ha wWaposom csoe D. 
Teopema 1. Cywecmeyem korxcmanma C, saeucaiwasa om KoXCManmel M 
Hepaeencme (2) u KOHCMaNMe! a NepaeeHcmea (3), MaKaA, 4MO OAA BCAKOE: 
pewenua u(x) ypaenenun (1) na wapogom caoe D= {ry<|x|<re}, 20 
To <1, Henpepoienozo Ha LD u umeroujeeo N nepemen 3Haka, umeem mecmo fi 
Kpatinett mepe OOHO U3 CAeOYytOLUUX OByX HepaseHcme: 


4 
max | wu (x)|/ max _lu(x)|>(2) nile , | 


[x|=re \x|=V rare 


usu 


max |u(x)|/max_|u(x)|>(2)"" | 


iia Ixl= V rire 


JloKkasaTeJIbcTBO STOM TeOpeMbI OMMpaeTca Ha CulelyrOlHe JIeMMBI. 

JlemmMa 1. Ilycme KC D—wap c yexmpom 6 mouxe O. Ilycm 
GC K —o6aacme, codepscajaa mouxky O u umeuaa npederbnole moukKUu H 
epanuye wapa K. Cywecmeyem Kxoxcmanma C,, saeucawaa om Koxcma 
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mot M xepasencme (2) u om Koncmanmot a Hepaeercméa (3), makaan, umo 
| KON’ CKOpo Orn OOAACMU G BbINOAKAeMCA HeEpasercmeo 


UnG = Unk /Cy (4) 


(uepes u,E mot Oydem o6osnauame k-mepnyto mepy muoowecmea E), uu(x)— 
pewenue ypaenenusn (1), onpederennoe @ G u o6pawarwwweecn 6 HYyAb Ha moll 
—4acmu epanuye G, Komopan pacnoaoseHa cmpoeo enympu K, mo 


sup u(x) > 2u (0). 
tx€G 


| WokasatTeabetBo. He orpanvunpaa oOMIHOCTH, MOXKHO CUuHTaTb, 4TO 

u(x) >0O npa x€G. Ilycts R—pagnyc mapa K. J\na seaxoro r, O<r<R, 
oOosHauHM 4epes K, wap payuyca rv, uMelomHi WeHTp B To¥Ke O, u 4epes 
S,— lopepxuoctb wapa K,. Tlonoxum G, =G()K,ul,=GQS,. V3 Hepa- 
BeHCTBa (4) cmeqyeT, 4TO HaliqeTca Takoe r,,0<ry<R, uTO 


tegeeE, =< Un—1Sr,/ G (9) 


Ilo Teopeme Cappuna (*) cymectByer dynkuna K (x, x’), x€K,,, x’ €S,,, Taka, 
4TO WIA MOOOK HenpepHIBHOH dyHKuMH ¢(x’), onpefenenHoH Ha S,,, cbyHKuNA 
| U(x’), OMpeyemsemaa paBeHCTBOM 


Vi \ oR ds, (6) 


Uy 
Sy, fille 


oOslajaer cBoictBamu: 1) Lu <0 u 2) v/S,,=¢. [pu stom 
OKO, Wyre C7, (7) 


rye C*— KoucTaHtTa, 3aBucalilaa or KoncraHtT M w a nepasencts (2) u (3). 
Tlonoxum C,; = 2C*. Tonoxwum, masee: 9(x’) = u(x’) npn x’ €T,,; 9(x’) =0 
mpu x’€S,, /T,,. Tak Kak Ha rpaHnie G,, wMeeM HepaBeHcTBO u(x) < v(x), 
TO, B cHly cBolcTBa 1) dyHKuuu v, Momyuaem u(x) < u(x) B G,,. H3 (5), 
(6) u (7) Haxogqum v (0) < sup-¢ (x’) ae H, CuleqOBaTeJIbHO, v (0) << sup 9 (x’)/2, 
xES,, G ho 
oTkyfa u(0)<supu(x)/2, uro u TpeOoBaslocb OKa3aTb. 
xEG 


Jlemma 2. IIycme P— yuaundp Dy8 << 1. MycmeT, uP,— (n—1)- 
k=2 


| mepHole mHOzooOpa3sua, Aregcawue eBHympu YUuAUNOpa P, C Kpaem HA epaHu- 
ye P, Kaocdoe us Komopolx omdeanem @ YuauKOpe P mouku c Oocmamo4no 
OoAoWUMU no MOOYAW OMpUYaMeNbHoLMU KOOPOUHAaMamuU x. Ilycme G— «acme 
P, aenauaa mescdy 1, u >. Ilycme ¢ G onpedeneno ypaenenue (1), yooese- 
— meopsrowee 6 G ycaosunm (2) u (3). Iyceme u(x) — pewenue ypasHenus, 
onpedenenHoe 6 G u HenpepoieHo Oudqbepenyupyemoe @ G. Ilycmb dyxnkyua 
u(x) yOoeremeopsem ycaogunm: 1) u|r, = Up > 0; 2) ulp, = 0; 3) Ou/Onir,<0, 
20e 0/0n — Ougepenyuposanue no eHympenneti Hopmaau, u 4) U(x) >—U 
npu x€G. O6osnawum uepes G, cogoKynHocmb mouek x€G, OrA KOomopolx 
Uy/2< u(x) < Up. 

T020Q pnG, >h"/C2, ede C,— KoHcmanma, saeucsuiyaa om Koxcmaxnmet M 
Hepaeencme (2) u om KOoXcmanmol a Hepasencmea (3). 


» n bs 
Mpl 3y,@cb HaMeTHM IYTb JOKasaTeJIbCTBa STO! MemMbI. [lonoxuM A” /prG, =Co 
O6osHauum uepes E; copokymHocTb ToueK x€G, Wid KOTOpbIX u(x) =7, H 


n 
h? S * 
uepes E; — repeceuenne Fy c WHMH pom Dds 5 an a Hatietca Takoe wu, 
k=2 
Uo/2<u"<uy, 4TO: a) MHoxecTBO ypoBHA E,* He cofepxkHT TOUeK x, Tye 
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gradu(x) = 0, H, cleqoBaTebHO, COCTOMT H3 TlaKUX (n — 1)-MepHbIX MHO- 
roo6pasui; b) BbINOJHAeTCA HepaBeHCTBO 


ue 


on 
Ee 


Coonan 
dso = eae 9 (8) 


rye L,—a6couoTHad KOHCTAaHTA€. P 

O6osHauuM 4epes Gy» COBOKYMHOCTh TOUeK XEG, AA KOTOPBIX uU(x)<<Uu’. 

Haiigerca taxoe h*, h/2 <A" <h, uro, ecu o6o3HaunTb uepes Sp» MHOXKECTBO 
nh 


Touek x €Gys, JIA KOTOPbIX > w= h*?, TO WMeeT MeCTO HepaBeHCTBO 
h=2 


\ 


h* 
rye L,—a6comorHaa KouctaHta. Ilo ycmoBuio 3), HaJlOxKeHHOMy Ha PpelleHHe 
u(x), Mbl HMeem 


ds Bala (9) 


ae 
on 


Ou 
\ Saal, (10) 
TQ, 
PaccMOTpHM paBeHCTBO \ Ludw = 0 u puMeHuM kK ero sleBol uacTu op- 


Gye 
mMyay Tpuya. V3 uepapencrs (8), (9), (10), (2), (3) H ycmopua 4), TpHHH- 
Mast BO BHHMaHHe, uTO a | <0 (HOpMaJIb 3J/eCb BHYTPeHHAH 0 OTHOLJEHHIO 
Eye 


 G,»), nomyuaem (aC, /Ly— Mi Lyk ugp<lgh” “uy + Lito, THe Loe 
L,— aOcomorHble KOHCTaHTbl, HM Tak Kak O<A<1l, TO MBI HM IIpHxOquM 
K TpeOyemoli ouenKe Cy uepes M u a. 

C momombio JIemMM 1 u 2 jOKa3bIBaeTCs: 

JlemmMa 3. ITycmo e@ cepuueckom caoe D= {h/4<|x|<ch}, O<A<1, 
onpedeneno pewenue u(x) ypaenenua (1), HenpepoleHoe Ha D. Ilycme wu (x) 
umeem N nepemen 3snHaxka na D. Ilycmo 81, 82,---, Sy — cywmecmeennole 
Komnonenmol mHoocecme D* u D-. Iloaoocum 


Wom Max eA) 1 = XC ei = TTA ey ae 
|x|=h]4 |x|=h/2 |x| =h 
m,= max |[u(x)|, m;= max |u(x)|, m’= max _ |u(x)|. 
|x| =h]4, x€g; |xl=h]2, x€g; |x| =h, x€gz 


Cywecmeyem Koncmanma C3, saeucaian om KoHcmanmot M nepaeencme (2) 
u om KOXCManmel a Hepaeencmea (3), maka, 4mo U3 mozo, 4umo 


1 1 


n—1 na—1 
[Cy He ie [Gs (11) 


N 
WV of Hi ome 

caedyem, 4mo 

1 8n-+-1 2 il 


VE n—1 n—1 
min m’, > 2” i i rar (12) 
i 


20e Cy— Koncmanma remmol 1. 

M3 semm 1 u 3 BbiTeKaeT 

Jlemma 4. B o603navenunx npedoidyweli remmol umeem mecmo caedyto- 
ujee ymeepoicdenue: cyuyecmeyem Koncmanma C4, 3aeucalan om Koncmanme M 


Hepasencmée (2) uU om KOHNCMaHMel a HepaseHcmea (3), maka, 4mo 
1 1 


Seen 


n—l (e 
m” 1m" > 2” Be uau m' [m"> 
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Hokasareaperso. [lycrb BpitomHenb! wepapencrsa (11) u, cueqoBa- 
TeJIbHO, 10 pce 3, BbIMOJIHeHO HepaBencTBo (12). Mbt umeem ouepnyHoe He- 


‘paBeHCTBO , 8; Onh", re @,—OObeM eMHMYHOrO N-MepHOrO apa, H, 
é=1 
CNeJOBATEIbHO, Halifletca Takoe ij, YTO 
nl 
U2, << 0,2 /N. (13) 
1 3n-+1 1 
@ lycts Ny = Lv =| 2. cr |. Ilyctb N cromb semuko, uro Ny >3 


(cayyai, xorqa N, <3, pa36upaerca orfembHO; B 9STOM cay4ae yTBepxeHHe 


JIEMMbI NOJydaeTcA C MOMOMIbIO paccy%KeHHA, aHaNOrMyHOrO OKasaTeJbCTBy 
gemmpt 1). Tlonoxum t; = sg ag 3) /4N;, i=1, N; t; =h/2+ 
It+-h(i—1/.)/2N,, i=1, 2, , N; m,,= max {u (x) ee 
jxl=t,, x62, 


= max |u(x)|. Ilyct 9TH Maxcumympl jocTuraioTca B TouKax Pp, 
Sled *€E, 
‘u Pp,i,, B culy NpwHiuna MakcHMyMa uMeeT MecTO HO KpaliHeli Mepe ojo 
W3 JIBYX: My 1S Mp, 9 R=1, 2, peg Naty SOO if, i ie andl bay erat 
-.., N—1. Ilycts, Ana ompegzenenHoctu, umeer MecTo NepBbIH cwydan (BTO- 
po culyyai aHasormuen). OOosnayuM yepes Ki, i, Wap C WeHTpoM B TOUKe Pag. 
‘Mc payquycom, papubim A/8N,, un yepes g, , — KOMMOHeHTY TepeceyennsA gi, 
Zo 
€ STHM WapoM, cogepxKamyio TouKy Pe, ;,. ba earn rete (= 14 DI Oe tN); 
Aaa KOTOpEIX pg, <A" /C,2°"N{. Uneno Taxux k we mpepocxogur Ny /2, 
7/0 
‘TaK KaK B IPpOTHBHOM CJlyaae MbI HMeJIM Obl 


Ny 
N ae He 
PnBe, > dy Une, tp > is er ee rae, NV? 
cae CoN" 


4TO UporHBpopeyuT (13). CmeyopaTembHO, MMeeTCH MO KkpalineH Mepe 
packs 3n+1 ae 


72 | SN" 4/9 eT ae pasiMunbix ok, ust KOTOPEIX Y,8, , > 


0, | Cy om iy Ts 6. TAKMR re. K £, ;, UPHMeHHMa lemma 1. Orcioga no- 
syuaem 


1 / antl 4 ee 
, iho bi if EI, n—1 
m’ > Mn, ip > 2N : os mM, i, > 


2 1 1 3n-+l 1 
soy eran tc / eae ni | aS 
2 Ca ah 2 2 Cc 


Ces yee 2h 


Poss 
1 3n-+1 
| Tlonowus C, = max (cy, Ge a: i MbI TlOJly¥aeM HY2KHYIO HaM KOHCTAHTY. 
Teopema 1 merko mosmyuaerca 43 JeMMbI 4, eCJIM pa3feNHTb WapoBou cn 
D = {7,<.|x|<C7ro} Ha [logy (rg /71)] wiapoBbIx CoeB C OTHOWeHHeM pafHycos, 
‘paBHEm 4. 


Tloctrymuao 
4 VII 1958 


) 

| 

| LUMTHUPOBAHHAS JINTEPATYPA 

) 1J. Serrin, J. Analyse Math., 4, Ne 2, 292 (1955—1956). 
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Jloxaagn AkayemMmun wayk CCCP 
i. 1958. Tom 123, Ne 4 


MATEMATHKA 


b. C. MATATHH 
O BTOPOM CMEWAHHOM NMPOW3SBOAHOM 


(ITpedcmaeaeno axademurom C. JI. Coboneevim 1 VII 1958) 


Ilyctb E—nexkotopoe OaHaxoBo lpocrpaHcTBo (pyHKUMi Hal AByMepHoM 
Tope *, npayem ** D. m0THO B E, M NycTb O HempepbiBHOK cbyaKuun f (t, s) 
v3BecTHO, uTO O?f / Ot? u O?/ /Os? npHHagqmexat kK E. Moxuo aM yTBep>kaTb, 
yto O?f /Ot Os Toxe NpHHaqexut K E? 

C. H. Bepsuiretiy noxa3an (1), uro Kxorga E ectb L? umm *** W, orper 
ytBepyutesen. Jia curyaaa E =C pompoc He paccmatTpyBasca. B HacTosmei 
3aMeTKe MlOKa3aHO, UTO B 39TOM Cyly4ae OTBET OTPHIaTeseH. 

Jia WoKa3saTeJibcTBa IpHBOAMTCA UpHMep dyuKunnH F(t, s) Tako, TO 
O?F /ot? u 0?F /ds?€C, uo 0?F /OtOséC. pu nocrpoesuu mpumepa cyme- 
CTBeHHO HCIOJIb3yeTCA Cyleyyiollad Teopema: 

Teopema Ilerpuun (7). JTycmo w(é, 4) —Henpepolenan dynkyua; 
HH (iss)i= \v log + de dy (C° — Kkpye paduyca a, 4a<1, c yexmpom 6 mouke | 

c2a | 
WOO aes Valba 2) tae asya) 

Toeda enympuC™ H(t, s) nenpepoieno Ougdepenyupyema. [laa cytwe- 

cméeoganus @ mouke (t, s) npouseodnoti O?H/Ol,0l, (lt, l, — Hanpaeazenus, 


oOpasytowue C Hanpaenenuem t coomeemcmeéeHHo YeAbl Wy, Po) HeOOxOOUME 
u Oocmamo4no, umobol cytuecmeoean npeder 


Kan(t, 8) = lim Khy,(t 8); Khu(t s)= cos (2—%— 4.) p22 (1) 
ae C24 ch 

(Ce —Kpye paduyca h c yenmpom 6 mouxe (t, s); rf, ¥— noaspHole KOO pou-| 

HaMol C noAtocom (t, S)); Nnpu amom 


Soe oN 
Sion = ue (¢, s) — mu (Z, s) cos (ty, ly). 5 | 


9 | 
JlemMma. JTycmo p= ioe tires (0, p—noaspHole KoopOuKamel C nortwcoK! 


(0, 0)). 
Toc0a WH (bs) = \ vlog = d§dyj umeem npu p<a nenpepvienoie AH u 


C2a 
0?H /Ot ds, no 0?H /Ot? u 0?H/ Os 6 mouke (0, 0) He cywecmeytom. 


* [Ia MpocToTE! paccMaTpHBaloTcA JBOAKONepHomMyecKne PyHKUUH. 
** D.. — MpocTpawcTBo Bcex OecKoHeyHO Aupbepenuupyemplx cbyHKunit. 
pa 
*** W —nmpoctpasctso dynkuuit] c aGcomorHo cxoxamumca pagom ypse f(t, s) 
co é fee) 
= Dine a gmeTns) Hopmoit [fly= 
m,n=—oo m, n=—oo 
RAR 


Gauls 


Ha Tope ecrecTBeHHbIM O6pa30M BBe\eHa MeTpHKa; Mp 9TOM paccTOAHHA, McHbUIM 
€(MHHUbI, OMpesemAIOTCA OHO3HaYHO. 
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Yoka3satenbctBo. AH =—2rnu, m noromy nenpeppBna. 02H / dt? 
Kak u O°H/0s") He cymecTByeT B TouKe (0, 0), Tak Kak He BbINOJHEHO 
T¢IOBHe Teopembl [lerpuun: 

| om 2a 


Foeos2v dr 
cos 2vdy \ ——~—~_-~_-+o00 mnpnh—->0. 
\ | Losi (AN /ca) ear 


iH /Otds pu (t, s)4(0,0) cymecrsyer mu Henpepbipya, Tak KaK yw Hempe- 
)bIBHO Bee an yeMe Bclony, kKpome Touxu (0, 0); B Touxe (0, 0) 


a cos2yv dr __ 2 
= J singer | Eat a — =0 mp sceex fh, Tak ut0 0?H/dtds B 
rouxe (0, 0) cyuecrsyerT u paBHa Hywio. Henpeppipnocth 02H /dtds B TouKe 
}0, 0) mpospepserca HenocpeycrBenHo. JIA storo, B cumy Teopempl Terpuun, 
JOCTaTOYHO MOKasaTb, uTO K¢s(&, %o)—>O pu o= 0, PaBHOMePHO 10 go. 
Accnenqyem 


2m 2a 
, 


: ae 20 edpedo 
— g, = iit \ \ ‘sin 2y 00s 20 = dee - 
aa : jog(1/e) 


Pe pCOSP—=—Trcosy-+ eCOSH, PSing=—rsiny+esing, MH 3HaK ’ O3HaUaeT, 
ITO Ha Jlyuax, NepeceKaloulMx Kpyr C24,, HHTerpHpoBaHve NO HHTepBasly, OOule- 


My C 9TMM KpyroM, He BejeTcs. 
Vurerpupyem no p Mo yacTAM, NoOKMM JIA STOrO 


sin 2v cos 20 
—z— dp =d 


—_ 9 =u. 
log I /¢) © 
Torga 
_. 1&sin(@—%0)—esin29 , 
~~ p? — 2ep cos (p — Go) + & ’ 
h a &p (%) 2a ag . 
— Kets (& 0) = \ {uo |r uv a \ ouidold 
0 0 e"(¢) 
2m oa iat (@) om 2a 
= \ uo dp —\ uo | = \ \ eu, de de, (3) 
3 0 ‘A en (9) 


; aah 
‘aK Kak 9, (~) =p"(p) npn pf A= (¢.— arc sin- » Mo + arc sin +); B WHTep- 
bane A op, (9) 4 oe (9) onpegedmoTcH Kak KOpHM ypaBHeHna 7? = h?. 
/ u(0, 0) =0, u mostomy mepBoe cularaemoe B (3) 


27 
os esin(p + %)— 2asin2p  2acos 29 . 
81 ( $0) = \ (4a 4a cos (@ — &) + & log(1/ 2a) de; 


0 
ilerKO BHeTb, UTO MPH MavJIbIxX & 


3% 
| 81 (+ Po) |S Sieg (tam ° (4) 
Bropoe cslaraemoe B cpopmyuie (3) 
h 
esin(@ + 90) —e sin 29 g f aie? = 
In(@, qo) = —| (SOE Rae imgttray 527) ae 


Db 


=— ar sine + 0 Si log (1/9, ) 


— sin2¢ | Ca 


ene ee A orn 5 
jog (1 / 0") soit} a yy 
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x 
OUeHHM CJieqyiouyuM oOpa3som: {Tak Kak p*—o, < < Zh bawer 3 
ae oe 
~ log (1/¢) log? (4 / e) 


h 
fe) a PA 4 4 
oe e) loa feyy 2" (ayer beara) 


» TO, m0 Teopeme JlarpanxKa: 


(0; <o5 -—<ee) 


H, CJI€QOBaTeJIbHO, He IIpeBOCXOJHMT IIpH JOCTaTOYUHO MaJIbIxX &. Ana: 


log (4 /€ 
JOrMYHO JIA BTOPOH KBaj[paTHOH cde : (5) TOY4UM OWeHKY 
ne 
(of) Ph 6eh 
jog (1/e) TOR Te,) S tog @ Te) * 


LL 1 10h 107 
Tora | In (8, 0) <2 are sin — ° 7 Tog (l/s) <teape™ AAA I (e, Qo) => 
= lim/, (2, 99) HMeeM 
10 
[7 (e, %0) |< igare (6) 


Tpetbe cylaraemoe B (3) 


no 


7 2a 


\ _esin(@ + ¢0) =e sin 29 ) cos 20 de do. 
0 


SA dD arts ace Se ee + jog® (17) 85 


aw) 


SameTuM, 4TO MOfbIHTerpasibHad (pyHKUMA VW, HMeeT eAMHCTBeHHY!O OcOGer 


HOCTb MepBoro MopsyKa B TOUKe (8, %) HM HHTerpupyema mo Bcemy Kpyry C™ 


Tlostomy 


J (&, %) = lim J; (e, 9) = — \ vu, de do. 


e<2a 


Bocnosb3yemca opMyon 


4 il 


n 
1— 2k cos a + =a tis oy cos Na 


n=1 


mpu |k|<(1 papHomepHo mo a. Pasnarat v B COOTBeTCTBYIOUINe pAybI mpy 
o<(€ H p >€ H MHTerpupya UX, NoyyHM | 


J(&, 0) = 4 Sin 46, - z\e (ay (ive) pare sa 
0 
OTKy a 
8 
| J (e, Serer \ 


20 


Hepaneucrsa (4), (6) u (7) nator | Kes (e, $0) |< jog ae aes 


WOKa3aTeJIbCTBO JI@EMMBI. 

ITyctb e(e) — 6eckoneyHO Audpepenuvpyemaa (byHKilus, papwad eqMHHU 
mpa p<a/2u uymo mpa p>a. Torna H(t, s) =H (t, s)e(p) omnpeyene 
Ha BceM Tope. Herpyqno Bujetb, uto cyuKuna F(t, s)=H(t+s, t— 


MMCCT HeIpepbIBHbIe Ha BCeM Tope O?F /di? u O?F /0s?, Ho 02F /Otds B TOU 
(0,0) ne cymecrByer. 
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Sto sapepuiae 


TeM CaMbIM JjOoKa3aHa: 
Teopema. ITpocmpancmeo B, noaywenHoe sameltKanuem De no HopMe 


= Of (t, s)| | OF (4, s) Of (t, s)| | OF (t, s) 
[P| = max {| F(t, s) |, at | “| \ 


t 
Os ot? Os” 
mAULHO om D,—npocmparcmea Oseancdol Henpepoleno Oudmepenuupyemolx 
YAKYUL. 
Axsrop BbIpaxaeT OlaroqapHoctp mpop. T. E. Ulunopy 3a teHnpie coperhl 
BHUMaHHe K padore. 


? 


Mockosckul rocyJapcTBeHHbIM yHuBepcHuTeT Iloctynua0 
um. M. B. Jlomonocosa 24 VI 1958 


WHMTHPOBAHHAA JIMTEPATYPA 


Croll b ep Ho unare neues Coopsicou.s 1, 1952 crp. 07. ee He Petri iin J Mathes 
ures et Appl., ser. 6, 5, 127 (1909). 
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} JIAH, rT. 123, Ne 4 60 


Jloxxzaner Akanemun nwayr CCCP 
1958. Tom 123, Ne 4 


MATEMATHKA 


3. HW. HEUMNOPYK 


O CHHTE3E CXEM C MOMOLM[bIO JIMHEMHbIX MPEOBPASOBAHMK 
MEPEMEHHbIX 


(IIpedemaeneno axademuxom B. H. Cuupnosoim 3 VII 1968) 


ieee eee 3ajlaua CHHTe3a CXeMbI, peaJIM3yloujeH OyweBy yHK: 


muro f (X1, X2,---, Xn). O6osHAWHM X = {X1, Xg,---., Xn}, Y= {Yi Yor ---> YR 
Thyers Lb = {0;} nore MHO2KECTBO Pncobeunny mipeoOpasopaHul mepe 
MeHHBIX x= /,y. Onepatoppr J; 3agaiorca dbynkumamu g®,..., g®, rie 
x,=gH(y), R=1, 2,..., n. Cxema, peamm3yioulaa dyHKUHIO VE) MOXKE! 


ObITb NouyyeHa us cxemMbI AA A(x), ecnu f (x) =f (Ly) =h(y). 
OnpegeneuHue. @Pynkunn f(x), A(x) HaspiBaloTCd JKBUBANCHT 
HbIMH OTHOCHTeAbHO MHOxKeCcTBAa L, ecam cymectByeT 1;6L TAKOE, 
UTOns (2) = (17x). | 
3aqayy ynpoujenua cxembi Juin f (x) MOxKHO TOCTaBHTb CuIeLYIOULUM O6pa3oM. 
HalitH mpeoOpa3opanne J;, mepepogsuee f(x) B PyHKIWMIO, peamu3yemy1o HaH6o- 
jee TIpocro. | 
B jlambuetiiem B KauecTBe L GOeperca Ha6Oop BCexX HeOCcOOeHHbIX JIMHEHHBbI 
MpeoOpas0BaHhi, T. e€. MpeoOpasopanwi, quia KoTOpbIx gt!) — smHelHbIe Py 


wun (°). Takue npeoOpasopaHHaA MpecTaBuMbl B Buse 
L= AYERS, (t 


rye A = {Q,,}-— KBaqpaTHad MaTpHila; % = {a;}— BeKTOP; Qe MU a paBHbI © 
um 1; det A =1 (ciox*enne nponsBoguTrca no mod2). L o6pa3yer ry 
TIpeoSpasonanus (1) o603Hayaem (A, «). 

2°. Bee (yHKWHH paciayaioTcaA Ha KlaCCbl 9KBABAJICEHTHOCTH OTHOCHTeJIbHO | 
Has0pemM BeCOM /(xX) 4“HCIO TOUeK x, B KOTOpHIX f = 1; Ha30BemM Ksac 
com C™ MHOxeCTBO BCeX (pyHKUHH  MepeMeHHbIX Beca m. OueBuaqHO, ecuy 


P(xjecm, to f(lx)EC”, OGosuauum N(n) uncno Bcex Kaaccop cdyakuul A 
MepeMeHHbIX OTHOCHTeIbHO L; N”(n)—uncno KjaccoB Bcex (byHKILMit u3 G 


oTHocHTesbHO L. Berancsienua no Merogy ITlomma (3-7) gator suauesua N™ (n 
u N (n) npx n= 3, 4, 5, mpuBegzenupie B Ta6n. 1. 


| 
TaOnuma 1 | 
eA 


5 v - j 
SO eS 
BH das 1d ACN elle 01 pedo tn a ed 32 | 
4 1 Malik Ne Wella Seale Brel Be |e 10 | 
oA aa 2 2 ae so ieee [28h 4 soll age oe ees 


3°. Byjem us06paxxatb OysleBy (pyHKIMIO HaSOpoM BepwMH N-MepHoro eqn- 
AMUHOrO KyOa WH HaOOPOM BeKTOPOB, COOTBETCTBYIONIMM 3THM BepllMHaM: 


= U Dis (2) 


} 
F(p;) = 1. Bpi6epem npousBombHo cpequ p; JMHeMHO He3aBHcHMbIe BeKTOPbI 
D1, P2,.-.,P; TAK, UTOObI OCTAaJIbHBbIe BbIPaxKasIMcb Yepe3 HAX B BHUJe 


(PPM 23m) = (Pays fy).Bs 


rye B—mnatputa Buga [j x (m— j)], j<n. Ecan uadop Bexropos (2) sanu- 
-aTb B BHJe MaTPHUbI, CTOMOWbI KoTOpol p;, To f(x)~9 U oB, rye p— 
MaTpHia, CTOJIOUbI KOTOpOM — BeKTOpbI Py,..., Pj, H U Oo6o3HauaeT OObEequHe- 
ave MAaTpHil. 

Teopema l. Jlee gynkyuu f(x) u h(x) akeueaneNmHel omHocumerbHo 
1abopa AUHeuHoLX npecbpascoeaHuli euda (R,0) moeda u moarbKo moeda, Koe- 
Ja ou OonycKkarom npedcmaenrenua euda f (x)~9 U 9B, h(x) ~%U $B. 
Tpu asmom R moorem Oolme onpedereno uz ypaeHenua Rb = 9g. 

CuenctsBue 1. Jee dynkyuu f(x) u h(x) aKkeueanenmnet omnocumero- 
o L moeda u moarbKo moeda, Koeda npu NeKomopom eeKmope a f (x)~ 
eU 9B, h(x+4)~9 U $B. 

Caegcrsue 2. Ecau @ nexomopex npedcmaenenuax f (x) u h(x) mam- 
uybl p u b codepxcam pa3sauuHoe 4UucAao cmoabyoe, mo f(x) u h(x) HeaKeu- 
ANeHMHOL. 

HasopeM MHHHMAJIbHBIM WpefcTaBUuTedeM Ksacca yuku, 
easlu3yeMy!0 HawOoslee mpocTo aHHbIM MeTooM. IlycTb pa3OuTbl Ha KJaccbi 
3ce (pyHkuuH Bua J UIC (J = {ar}, GQer=O mpu 
i=-k, a; = 1). BeiOepem ana f(x) uw A(x) npon3sBoNbHO 
peacrapnenua f (x)~o U oP, h(x)~oOU OQ. Skpupa~ 7 
TeHTHOCTb [| (x) WH A(x) paBHOCHJIbHa SKBHBAJICHTHOCTH ‘j 
UIP, I1UJ/Q. Takum Merojom c nomompbio Ta6nu | y~ 
3 (7) ompefeieHbl BCe KJIaCCbl SKBMBaJIeHTHOCTH IA 
1=4 MW HalijeHbI MHHHMaJIbHbIe MpeAcTaBHTeJIM AJA NaH- 
foro B (*) MeToya cuHTe3a. B paccMaTpHBaeMom cJlyyae 
‘JIOMKHOCTb CXEMbI ONpeeAeTCA YMCNOM ceTOK. O603Ha- 
IMM (7/2) CpeQHIOIO CJIOMKHOCTb CXeMbI JIA MMHHMAJIb- oe wa 
MbIX TIpecTaBuTesieH MO BCeM OyJIeBbIM (PyHKILMAM 71 Tle- ? fees 
JEMCHHEIX. ; 

_ Teopema 2. B osaekmponnoramnoseix cxemax pp (4) < 5,81. 
4°. Tipu ofHOBpeMeHHOH pealusallMH gq yHKIMH 9sddeKkTHBHOCTh meTOosa 


sospacraer, eCJIH peasiH3yIOTCA Bce JIMHeHHbIe dbyHKuMH. Mmeerca 3n Bxojos; 
ja mlepBble 27 BXOJOB MOJalOrcaA CTaTHYeCKHe HalpAKeHHA X1,...,X,. Ha ocramp- 


Hble /2 BXOJOB HalipaxkeHve xX; MOaeTCH MMIMYJIbCOM B 
MoMeHT 7. C MOMOLIbIO BBINpAMUTeseH H3 JMHAaMHue- 
CKUX %j,...,Xn OOpasyem x; + X;, x; +x; +X, UT. J. 
(puc. 1). Kamkgqaa cyMMa mojjaetca Ha nmepecuernyto 
auelky (tpurrep). C Tpurrepa cHHMaeTca Kak cama 
(pyHKWMA, Tak M ee OTpHitanne. Bcacxema S, peamusy- 
olad BCe JIMHeHHbIe (PyHkWwun, TpeOyer 2 (2" —n—l1) 
BbIMpAMUTeIeH WH CTOJIbKO Ke TPHITepoB. Qi, o,--- 
wey Qq—CX€MbI MHMHMMaJIbHBIX MpescTtaBuTeneH ua 
Bad 2 cbyHkuH f,, fe,...,f¢. Cxema pa6oraeT B nN TaKTOB 
(puc. 2) 

5°. Onuulem MeTOo HaxoxKeHHA mpeoOpas0paHHi, ylMpoularouyHx cxemy 

3 Cyuae mOGoro nN. 
IIpeqctapum (pyHKuHIO B Bue (2). Kayo cTpoke conocraBuM xXapakTe- 
MMICTHKY —Tlapy YMCesI: MepBoe ecTb YHC/IO HyJeH B CTpOKe, BTOpoe 4HCJIO 
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LI, LZ 


equnum. TosopuM, uTo xapakTepuctuKa [M,, kj] y4we XapakTepucTukK 
[m., Ro], ecuu |m,—ky| >| m,—ke|. 

YmuooxKuM TaOsMWLy cileBa Ha MaTpnuy 7, = {a@;,} Bua [nN X Nn], Ar = 
upu i>k, a; = 1. [loq6upaem crpoku MaTpulbl CBepxy BHH3 TaK, 4TOObI Xapal 
TepHCTHKH KaxKol cTpoKu ynyuumauch. [pu noqOope KaxOH cTpOKH B Tal 
simile yin f (x) H3MeHHeTCA TOMbKO OHA CTPOKa, COOTBeTCTBYIOMad MoyOupa 
Mow cTpoKke B MaTputle. Jlanee mposouxKaem MpeoOpasoBpaHve C MOMOLIbIO HHX 


Heli TpeyroJbHOH MaTpHUbl J, UW 3aMeHAeCM HeKOTOpble x; Ha X; TaK, UTOOBI 
Kaxkol cTpoke JoMuHMpoBamM Hy. Tlonyuum f (T2T,x + «) = (x). B tra6m 
we 9(x) Sombie HyeH, MOSTOMY ONMCaHHbI Mpollecc B CpeJHeM CJIBHraeT Bel 
Toppi f(x) K HyJieBoMy BekTopy, H f (x) MpHOwMxKaeTCA K MOHOTOHHOM CHMMe" 
puyHon cbyHkiuu. Cxema ymporlaetca 3a CueT MOABIICHHA MHBapHaHTOB y ¢’ (J 
TaKHX, 4TO 9’ (xX) > ¢— (x). 

Iloctynuao 

24 VI 1958 


LMTHMPOBAHHAS JIATEPATYPA 


1T,. H. Ilosapos, JLAH, 94, Ne 6 (1954). % Cuxres s1eKTPpOHHBIX BbIUHCUTCIbHb 
H yMpapasiomux cxem, M., 1954. 3G Polya, Acta Math., 68, 145 (1937 
4G. Polya. J. Symbolic Logic, 5, 3, 98 (1940). °® D. Slepian, Canad. J. Math 
5, 2,185 (1953). ® T. Singer, Proc. Ass. Comput. Machinery, Pittsburgh, 1952, p. 28 
Heh < Ashenhitrst, ibid.,-p. 298. °C. B.:HOnonCK HH, JIAH 94am 
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Aornayn Akagemun nayr CCCP 
1958. Tom 123, Nb 4 


MATEMATHKA 


A. Tl. MJIEXOTHH 


TEOPEMA CYLIJECTBOBAHHA WH EXWHCTBEHHOCTH PEWWIEHHS 
KPAEBOM 3AJJAUH JJIA CHCTEMbI OBbIKHOBEHHbIX 
AMP®EPEHWMAJIbHbIX YPABHEHHH 


(ITpedcmaeaexno akademuxom B. H. Cmuproeom 10 VIT 1958) 


Ilyctb jaunt: 
1) Cuctema yucdepentvaJIbHbIX ypaBHeHnit 


y =f (t, y), (1) 
‘Me y(t) —UCKOMbIM n-MepHbIi Bextop, f (t, y) — BeKTop-pyHKIlus. 

OrHocuTesIbHO (bynKkuul f;, i= 1,2,...,n, mpeqnonaraerca, 4uTO OHM MpH- 
[MMaIOT BeIL€CTBCHHbI€ 3HAYCHHA, HEIPepbIBHbI MH UMeIOT HelpepbIBHble “WaCTHble 
IPOHSBOJHBIC 


Oe (Ea a, eae 
Er 


3 oOslacTu G BelllecTBeHHoro (n+ 1)-mepHoro sBKsIMAOBa MpocTpaHcTBa Mepe- 
MeHHBIX ft, Yi, Yo,-+-,Yn- 
2) Kpaeppie ycJlopua 
U 


dtm Y (tm) = 8, -to< tS. Stns (2) 
m=0 
Ie tm, mM=O0,1,...,u4, — 3aaHHble NOCTOAHHBI€E MaTpHIbl NOpAyKa ns 


)?— 3aJaHHbIM MOCTOAHHbIM BeKTOp. 

_ 3) Bextop Y (¢) umeer HempepbiBHyio mpousBoquyio Y’(¢) npu f€[fo, ty], 
Tpuyem npn ¢€[to, t,] TouKa (¢, Y (t))€G*, rye G* CG mu BbImyKa Mo BCeM 
Yi» 2 ee Ay Os 


s &mY (tm) = B; (3) 
m=0 


bTcloyia TakxKe CJlelyeT, 4TO MHTepBau [fy, ty] comepxKuTCA B MpoeKMA OOsAac- 
tH G Ha ocb f. 
4) Matpuna U(¢t) mpunagexur Kiaccy C’ pu t€[to, t,] a HeocobeHHaA 
Mpu Kaxyom 7¢€ [to, ty] (cp. (*))- 
Tlono2xuM: 
1) J(t, y) —Martpuua iKkoOu, onpeseennaa bopMysjamu 
{J (EPO) ee pyr k 18 2) en: 
2) Q(t, y) —MaTpulla, onpezenennad opmy.10i 


Q(t, y) =U4(t)-J(t, y)-U@)—U7 (t)- 4 Ub). (4) 


3) P(t)—Henpeppipsuad mpu ¢€[fy,¢,] KBaypaTHad MaTpHla NopayKa 7” 
u M,(t, to) —ee Matpuant (*) 
t t u 
Mp(t <t; aEse \ P(u)du + \ P (u)\ P (uy) du, du +..., 
i, i, t 
rye E — eyMHHMuHad MaTpHila nopsayKa n. 
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4) Dp — Matputia, ompeyenenHan dopmy0n 


u 
Dp = yy, a&meU (tm):Mp (Ems to) 


m=0 


5) Ecau det Dp 0, TO mMaTpuiy 


U 


Ort, PSE le iy De uP [sign (¢ — 8) — 


— sigh (tm —8)] 4m U (tm)-Mv (tmy to) } « Mp* (Gs to) 


é#Atué#Htm, m=O, 1,...,p, CyeM HasbiBaTb MaTpuiteH puna, COOTBeTCT: 
BylolleH KpaeBonw 3ajjaue 


z= P(t)-z+ 9 (é); 5) 


D>) cel Ca ez C ny; (6 
m=0 


z(t) = | Go(t, 8-9 ©) a. 


ty 


) 
peleHve 3afauu (5) — (6) umeeT Buy | 
6) t(¢) — BeKTOp HeBxA3KH, OMpeesieHHbIN (bopmyvion 


(bia Y"(t)-—] [t, ¥ (PI. 


Tora wMeeT MecTO CJleqyroulad Teopema: 
Teopema. Ilycmo: 

a) det Dp #0; 

6) 6 o62acmu G* 


2de K (t, &) — eewecmeennan, oepanureHHaa Heompuyameaonaa a 
HenpepoleHan UAU UMetolaA paspoléol 6 Keadpame ty<t, E<tm Ha mex oA 
npAmolx, umo u Gp(t, —); NOpMa 30ecb U 6 OaNbHelilWuem NoHUMAeEMCA B CMOIC; 
ne nepeott HOpMbt MaMpuUYoL u BexKmopa (?); 


fod 


B) (CK, Qatde <1; 1 


r) u(t) — pewenue unmeepanronoeo ypaenenun 


ty 


u(t) = | Kt, 8)-u@ di + lleo() Il, (9) 


i, 
20e & (t) — pewenue Kpaesoti 3adauu 
é, =P (t)-29x- U4 ()-2 (@), 
U 
Dice Coben (teers 
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mu omcrooa 


ty 


So foes \ Gp (t, &)+U- (8-2 (8) dé + Mp (t, ty)-D5!-(b—B); (11) 


ty 


A) o62acme, onpederennan nepaeencmeamu 


b<t<tu, IY @)—yli< Ua), 
cum 6 G*. 
Toeda na uxmepeane [to, tu] cytwecmeyem eduncmeennoe pewuenue y (t) 
icmembl (1) c Kpaeeoimu ycaogunmu (2) maxkoe, umo 


IY @)—y@I<NU@ 4, t.<t<ty (12) 


Sameuaune |. B ycnopua TeopeMbl BXOJAT ueTbIPe apametpa: maTpu- 
a U(t), P(t), Bextop Y(t) u o6nactb G*. Marpuuy U(t) Bpiroquo Bbl6u- 
iTb U3 10rO YCJIOBHA, YTOOb! MaTpHtla Q(t, y) MO BO3MOXKHOCTH MeHbIIIe H3- 
eHAsIa CBoe 3Ha¥eHHe B CeyeHHH OOsacTH G* nuocKocTbIo ¢t =const, tr< 
.t< ty. Marpuy P (t) BbiIroqHo onpeyenatTb “3 Toro, 4ToGbI seBaa uacTb (7) 
Jia TO BO3MO2KHOCTH MeHbILe. 

Ecnu B oOnactH G* {a(t)}ir<{Q(t, y)}in <{A(t)}ie, TO OObIuHO MONa- 
rot P(t) = 1/,[A(t) + a(t)]. YcnoBua TeopembI TakoBbl, 4TO ec 3aqaya (1) — 
) umeer B G pellenve, To Bcergqa Haligzytca Taxue U (t), P(t), Y(t) u G’, 
‘0 BCe yC/IOBHA OyRyT BbINOJIHeHbI. : 

SameuanHnue 2. Ilyctb untepsas [to, T], rue ty <T, cogepxutTca B mpo- 
wun o6actu G* Ha oc ft. 

Onpeyemum Matpuiy G*(t, §) cneqyiomlumM o6pa3om: 


(-G.(tce), bo eh, math are 

0, toSt<hty, ty<t&<T; 
Git, é) 1: { Mp (t, tu) Gp(ty, é)» tbo<&< ty, tu<t<T; 

| Mott, é), eee 

| 9, Lex bara ls 


Onpegenum dpyuxumo K*(t, &) mo dopmyue 
| IGS (t, ){Q Gy) —P OH <K (td. 


Torya mpu ycJioBHu 
T 


\ \K" (t, &)dedt <1 
t, t 


sopema rapaHTupyeT cyllecTBoBaHke pewienua saqaun (1) — (2) mpu ¢é[to, T]. 
3ameuanne 3. Hepasenctso (12) mMomer ObiTb MpHHATO 3a opmyuly 
JeHKH TorpelHocTH MpHOwM>KeHHOrO pelleHua 3ayjaun (1) — (2) Ha uHTepBase 
o» ty], eC 3a NpHOMxKeHHOe pewieHne punt BeKTop Y (f). 


Ioctynu10 
27 VI 1958 


IMTMPOBAHHAA JIATEPATYPA 


1C. M. Jo3suucKknit, JAH, 92, Ne 2, 225 (1953). * B. H. Daggneesa, Br- 
CHUTCNbHBIe MCTOLEI WHHeliHO anreOpy, M., 1950. %@. P. TautTmaxep, Teopna 


tpuu, M., 1954. 
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Jloxuagp Akagemun wayx CCCP | 
1958. Tom 123, Ne 4 | 


MATEMATHKaz 


JI. H. CJIOBOXEWKUM 
OWEHKH B Lp PEWIEHUM 3JIIMMTHMYECKUX CHCTEM 
(IIpeécmaeaeno axademuxom B- H. Cmupnoeoim 4 VII 1958) 


1. B wacrosijeH 3aMeTKe JJaeTCA OO0OmjeHHe B OJHOM HallpaBseHHu pe 
3YJIbTaTOB, H3JIOXKeHHBIX B 3aMeTKax (1%) u B cTaTbe Tampapyo (+). [pu STO 
MbI TIpHep2K4BaeMCA TePMHHOJIOrHH, MpHHATOH B (?, %). | 

2. Teopema 1. Ilycmo 1—namypanonoe uucno, l<p<+oudnQ 
KoHeLHaa oONaCMb N-mepHoeo npocmpancmea En, oepanureHHaa «oF 
1+ 1 paz xenpepoleno Ouddepenyupyemoti noeepxnocmoto S. Ilycm 
v =v (x) € WY (Q). | 

Tozda npu k=O, 1,...,—1 Hopmaaonole npouszeodnole O*v / Ov’ K 
Qynkyuu mouxu noeepxxocmu S npunadarescam npocmpaxcmeam age (S| 
IIpu 9Tom 
aku 
ave 


= Cond. , 
20e C, 3aeucum moaoKko om Q. 
O6pamno, ecau sadanol yAKyUuU op yews?) (S) (k =0, 13 


.,l—1), mo cywecmeyem dynkyua v€ wv? (Q), yoOoereméeopaiwan ep 
HUYHOIM YCACBUAM 


a |, = 9 (ax Opals 228 haan), 


Kpome moezo 
it 


[olan (a) S C2 a | Pe he—e—alr¢s) ( 


20e Cy 3aeucum monoko om Q. 

IIpu p= 2 Oosee oOuwi pesybraT (nosyyeHHbIi c MoMOMbIO Mpecdpaa 
Bau Dyppe wu paBencTBa Ilapcepasis) npuBeyeH B 3amerKe (2). [Ipu a 
TeopemMa | jOKa3aHa Tasibapao (3): 

Ileppad wacTb Halle TeOpeMbI IpAMO cuJleqyer U3 Teopempr [’ ambapy 
Tlosromy ocTaHOBHMcs NospoOueli Ha WOKa3aTeJbCTBe ee BTOPOH uacTH. 

Jlocrarouno cyvtTaTb, yTO (2 ecTb NomynpocrpancTBo x, >0. Cunraa, w 


bs (x) EWES") (E, 1) (O0<s <1 —1), pacemorpum mpu x, ~> 0 (ynKu1o 


s+1 , . y 
Ose = Knew y P(x + t”) dé 


: (lee aay * 
ail 
| 


Ke=(\ gee) 


rye 
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Jlerko BuyeTb, 4uTO 


said, OP 10 ae 
an a = AS ? : => 56 . 
axh Xp=0 ie Ox> pe 9s (x') 
Ul n—2 nr—1 
| YCTb 5 +t+l<ese<: 5 + 1. Wpumenaa nepasencrso IT eJlbqepa, mo- 
gryaaem: 
ap gre a 
OHA C Tena SN aed Ibo , 
| Us (*)|<Cy a \ G+lfpaye ES 
a—1 
lal Ib, (x? +e’) |P up 
Ce x : f 
S %1 | | TEey ay ena td x 
iA 
2 n—] ’ \ IPH? 
dt’ lp" o> [5 (e+) Pde" 9p 
he jp Sa ge saa Rn RL 
|. =| Biot i CPA? | ( 
BN (4p |e [%/ x2) aaa 
Orcroya 
oo “+90 d 
dx | OsiPde’ <iCea\eenn 4h a dx J x 
++oo 
x \ lbs (x’ + t’) |Pdx’ = C, \ SRLS ahi ibe 
En—4 0 


at’ , Vereen , A 
x | Geran | Iter rir cy | late pae 
n—1 En—-1 En—1 


Jjanee umeem 


Div, = K,e 7" ‘a \ De Ae: (x’ + 0’) De [ss a 
Foriede (ep + A) 

yy: K —<X pn ae Sal , 7 l—s—1 , s+1 fi 1 , 

= ne s! \ [D ds (x + t ) D ds (x )] Dy Gear z r vf 2 ye ) dt < 


spn 


Orcioyja C HOMOLU[bIO HepaBeHcTBa Tesbyepa momyyaem 


--oo 
\ dXp \ [Divs |Pdx’ < 
0 Ee, 
+2 s pps: (x’ As t’) =" pisH4y, (x’) | 2 ? 
<G, \ de \ [ | (P+ 8)" wis 
0 En FEn—-1 i 


[Dinin velar BETES 5 


< 
as ree yer -. 


-+oo 
p& —(n—1)— 
ec \ dx <n Pdxn \ 


ee En—1 


| DEP AG, a! eB Ih gat) |P , 
< C3 \ dx \ a ve py eam te NT dt . (5) 
En—1 En—1 
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l 
HeckouibKo Goulee CIO*KHBIM TyTem Nowyyaetca (5) quia Dx Vs. 
V3 (4) u (5) cmeqyer, 4TO 


| Us IAD, >0) < Cs | ds Ise) : 


OnucaHHbIM BBILIe CHOCOOOM NOCTpOMM CPyHKUHIO Up (x) 0 do = Go, Vs TO 


(C= oe een 


Torya 4u3 TlepBou YaCTH TCOPeMBbI lu NOJIYYeHHBIX OWCHOK JIA Vs JIETKO 


[a4 
mosyuaetca, YTO PYHKWAA Vv = Us YROBMeTBOpsxeT ycuIoBHAM (2) H (3). 


s=0 


3. V3 Teopemp 1 HacTommel pa6oTbt uw Teopembl 3 3aMeTKH (*) BbITeKaeT | 


culejryromee TipelorxKeHve. 


Teopema 2. Ilycme L=L (x, 0/0x) — aanunmuueckutl Ougoepenyuane- | 


Hbllt onepamop nopsAOKa 2k, onpedeneHnolti 6 Q=04 8; Rk, =R, (x’, 0/0x)— 


Ougbepenuuanonole onepamopet nops0Koe my, (u=1, 2,...,), onpederen- | 
Hole Ha S u cessannole c L ycaoeuem (Jl) (cm. (°)). Iycme | — xamypare- | 


Hoe uucaor > 2k: uo my <el— 1 (w= 1, 2, e«-; 

Ecau koagbquyuenmo: Ouggepenyuanonrolx onepamopoe L u Ry umerom 
L—2k o2panuseHHolx npouseoOHelx uU ux CMapulUue KoOadPuyuenmo Henpepole- 
Hol 6 OONACMAX UX OnpedencHuA u ecau noBepxHocme 1+ 1 pas Henpepoleno 
Ougqepenuupyema, mo Oana aroboti mynKuuu u=u(x)€ We (Q2) umeem mecmo 
HepasbeHCméo 


k 
<i ee < 
C, [| Lu | 20 gy + Di URetl mag |< 


k 
S410 @) SO [ Lu [yAr—20) or ii |Ruu [ema A 


2de Cy u Cy— noroocumenbnole NocMosAHHole, He 3aeucsuue om U(x). 
4. OG6e Teopembl JonycKaloT O6o6meHHe Ha culy4aii, Korga {2 — GecKouHeu- 
Hat OOslacTb H S — 6eckoHeuHad JOCTaTOUHO TylayKai MOBepXHOCTb 6e3 kpaa. 


Ilyctb &2 3aMKHyTaa, HO, BOOOIIe TroBopa, GecKOoHeuHaH OGaCTb MpocTpaH- 
cTBa E,. PysKuyuto f (x), ompeqenenHyio BQ, MbI OyqeM Ha3biIBaTb Hell pe- 


PHIBHOH B 9TOH OO mMACTH, eC OHA HeMpepbIBHa B KaxKJOH ee TOUKe ~ 


WM eCJIM CYMeCTByeT KOHeUHBIA Mpesen f(x) upu |x|— + oo. 
Ilycth ¢ — koneuHad uM GeckoHeuHan (nm — 1)-mMepHad NOBepXHOCTb, 3ayjaH- 
Had ypaBHeHHeMm x = xX(¥’) (y’ = (1, --+> Yn—1)), THe BekTop-pyHKunA x (7’) 


ompeyesieHa B HeKOTOpoiH oOsacTH d(c) (#—1)-mMepHoro sBKIMOBa MpocTpaH- | 


cTBa Touek \’. O6o3HauHM yepes v= v(\’) e@QMHMUHbIG BeKTOP HOPMAaJIM K «. 
l 

Byjem ropoputh, uro o€K, ecam mpu HneKoropom 6>0 o6mactTs A(s), 

ompeyeseHHad COOTHOWeHHAMU Y’Ed(c), |%n|<C 5b, oTOOpaxaeTca B3aHMMHO-OJHO- 

3HauyHO Ha HeKOTOpy!0 f-MepHy!0 OKpecTHOcTb D (sc) moBepxHOCTH ¢ C MOMOIIbIO 


S=X(Y) HVT) Yn = X(1), T=(7> Tn) HW Mpa stom Tak, 4To x = x(%) | 
umeeT B A(c) uM y=-(x) umeer B D(c) orpaHnuennple MpoH3BOAHBIe JO m0- | 


payka 1, a CaMH 9TH BeKTOP-(pyHKIMM HeMpepbIBHBI B yYKa3aHHOM BBIINe CMbICJe. 
Ilyctb 6 > 0. O6osHauvm uepes Qs mogo6uacts o6macty OQ, cocTosnyto 
43 To“eK OOslacTH 2, paccTOHHHA KOTOPbIX JO ee rpaHHtbl Gompiue 8. 
ByleM rosoputb, uTo (n— 1)-mepHad MopepxHocth 6e3 Kpaa S lipocTpau- 


; l 
cTBpa E, ecTth NOBepxHocTh Kaacca R™, ecm ee MOmHO MOKPbITb KO- 


HeUHBIM YHCIOM MoBepxHoctelt of (i= 1, 2,..., g) xnacca K" co Cue Ly10- 

MMMM CBOHWCTBaMH: a) Kamwyad ToukKa S mpunaymexur xoTa Obl OJHOMY H3 
0). 

og). 6) Kayan TouKa m06oro u3 3) npuvayiekutT S; B) mp HeKoTOpom 
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title] (6) | 


> 0 uactu of! TlOBepxHocTeli 6°) jexKamlue B Ds (a), TakxKe oOOsajaioT 


CBOHCTBaMH a) HM 6). 
l 

Onpegenenne mpoctpascts WS) c momompto llapaMeTpusallHu JlerkKo pac- 
MIpocTpaHuTb Ha nopepxHoctu S€R, 

Tenepb Mbl MOM%KeM CKa3aTb, 4TO Teopema 1 cHpaBequuBa AA cayyas, 
Kora 2— 6eckoHeyHat O6laCTb, oOrpaHWueHHadt MoOBepxHocTbIO KJlacca 

l o 

R'. B 9Tom xe curyuae Teopema 2 Takxe O6yJeT cnpaBeqiMBoH, ecu WoOa- 
BUTb elle, UTO HeMPepbIBHOCTb CTaplwHX KoadppvuneHToB onepatopop Lu R, 
NOHHMaeTCA B YKa3aHHOM BBIIIe CMbICJIe. 


Jlenuurpagckul rocyJapcrBeHublit 


eqarorwuecKHlt HHCTUTYT Iloctynusto 
um. A. HW. Tepueua 2 VII 1958 


UWMTHPOBAHHAS JIMTEPATYPA 


13. H. Cno60n7enKkui, B. M. Ba6ug, JAH, 106, Ne4 (1956). ? JI. H.Cao- 
SJonenKun, JAH, 118, No 2 (1958). 3 Jl. H. Cno6oRnen Ku, JAH, 120, No 2 
1958) 4E. Gagliardo, Rend. Sem. Mat. di Padova, 27 (1957). 
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Jloxnxagnn Arkagemun wnayx CCCP 
1958. Tom 123, Ne 4 


THAPOMEX AHHKA| 


B. H. APXHIIOB 


OBPASOBAHHE KOJIEBAHHH B CJIEXE 3A TEJIOM 
(ITpedcmaeaeno axademuxom I. H. Ilempoeoim 1 VII 1958) 


IlycTb Ha MWIOCKO-NapaJivieJIbHOe TeYeHHe BA3KOH HeCKHMAaeMOM  KAAKOCTH! 
Takoe, YTO COCTaBJIAIOULad CKOpocTH v==0, u=u(y), HamoxKeHO ByxXMepHoe} 
BO3MYllalollee JBUXKeHHeE C (PyHKIUHeH ToKa 


o) (x, UB t) =o (y) efa(x—ct) (1) 


re C=C,+1C;; Cr, C;— BeUIECTBeEHHbIe YHCa; «a = 2n/a; a — JuHa ee 
BOSMYICHHA HW aMIMIMTyqa o(y) cunTaerca Maou. Sagqaua 06 ycrowuMBocTy} 
TakOro TeveHHA, KaK M3BeCTHO (1), CBOAHTCA K HCC/eAOBaHHIO ypaBHeHHA 


{ 
(u—c) (p” — a9) — up + = (gtV — 2a2p" + ate) = 0, (2 


rye v — BA3KOCTb. 


ByjeM CuvTatb, YTO paciipeyeienue ckopocte B culeqe 3a TeOM (cIIyT-; 
HOM cTpye) OM3KO K BbIYHCeHHOMy ToubMMHOM (2): 


cd ies a 
(BE ex hes 1 — = ae ed ; (3 
AV vx 
PC Uso — CKOPOCTh HaGeratoulero Ha TesIO NoToKa; d —xapakTepHbIli momepes- 
HbIli pa3Mep Tela; C, — KOS@PHIMeHT COMPOTHBJIeHHA. 

Tlepefizem B ypaBHenun (2) K Oespa3MepHBIM BeIHYHHaM, B3AB B KavecTBe 
XapakTepHoro JIMHeMHOrO pa3smMepa WiMpHHy / ciyTHO CTpyH, onpeyesJeHHYyIG 
Kak pacCTOAHHe MexKY TOUKaMH MepernOa mpodusia cKopocte (3), a B Ka4e- 
CTBe XapaKTepHOH CKOPOCTH — Pa3HOCTr Uc — Up, THE Up =u (0). OOosHauHB 


7 (Rs _ Yoo = Ho) 4 fat 
Lf Seeoarp 7) ie Ferrey Re TES de 
Co — 1 

ar Pe Cee ae % = al, t—=ad, p= (yr), 


NOJLy 4HM 
(U1 — 61) (G1 — 411) — tas + ape, (LY — Qater + adfgr) = L (G1) = 0. 


Ana mpodpusta cKopocteit (3) 


—2y; 4Vx Youd Rec, 
== —— Cn nC - (cz — 1) Re; BS eat: (6 


Pe Reid i. 
[paHuuuple ycsloBus: 


4 (0) = O1 (0) 05 , U o> 0 IIpH yy—> oo (7 
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AA ANTACHMMETPHUHbIX BOSMYLLeHHH Yu 


¢1(0)=¢,(0)=0; 9 40,50 npn y,>00 (8) 


AJIA CHMMCTPHUHBIX BO3MYILeHHIi. 


K pelenwio ypaBuenua (5) c rpanwuHbrMM yculoBHaAMH (7) usu (8) mpuMe- 
uM MetTox Tanepxuna. Jaa atoro ucciexyem ypaBHeHve 


| Diz | = 0, (9) 
rye | Dix | — onpeyenutemb cuctembl ypaBHeHuit 
| Yee | Leddy =0, i, R=1, 2.0., my; (10) 
k=1 0 


{i (y:)} — cuctema «npw6mmxatommx» dbynKuuii, B3ATat B Bue 


2 
be =e “100s ky, (11) 


AA AHTHCHMMECTPUUHBIX BO3MYLILeCHHH u 


2 
de =e" sin ky, (12) 


AIA CHMMETPHUHBIX BOSMYLILCHHH; @, — NOCTOAHHBIe. 

Tlomaraa cy;= const, UpupaBHHBad HYyJIO BeILeCTBeHHy!O YacTb UH Kosppu- 
WHeHT TpH MHMMOH yacTH seBOH cTOpoHbI (9) H HCKsIOUad M3 OJYYeHHbIX 
ABYX ypaBHeHHl Cy,, NOJYYMM JIA KaxK oro Cy; ypaBHeHHe Bua 


f (%1, Rex) = 0, (13) 


KOTOpoe B IMJIOCKOCTH (a, Rey) onpeyesserT HekoTopyio KpHBylo. Kpupas, 
COOTBETCTBYIONLAA SHaveHMIO Cy; = 0, oTAeneT B MOcKOCTH (a, Rey) O6sactTb, 
rye cy > 0, or oOnacTu, rye cy; << 0. Haumenbuiee 3Hayenve Re, = Ryxp Ha Heli 
XapakTepH3yeT Nepexoy| TeuYeHHA K COCTOAHHIO HeyCTOHYMBOCTH. 

PacueTbl MpoOBOWJMCb BO BTOPOM mpHOsIMxKeHHH. Bpiio oOOHapy2xKeHoO, 4TO 
AHTHCHMMETPHYHbIe BOSMYLLCHHA HaYMHalOT Ppa3BUBaTbCA Mp 3HaUHTeJIbHO MeHb- 
Wwux yncax Rey (Reixp = 19), vem cummerpuyuple (Reyxp = 55). ITO NOATBep%- 
MaeT mosyuenHpi panee IT. VW. Ilerpoppm pesysnrar (?) uw cooTBercTByeT 
‘okcniepyMenty (*). Ilostomy B JaJIbHeHUIeM Mp pacueTax HCNOIb30BaJIaCb TOJIbKO 
cucTema (byHKuni (11). 

_ Bpio ycTaHOBJieHO, 4TO MHHHMMaJIbHBIM 3Ha4eHHAM Re, Ha KpHBbIX (13) 
COOTBETCTBYeT OHO HM TO Xe 3HayeHHe «, = 1,2 nu TO Cy pacTeT CpaBHHTeJIbHO 
6bicTpo c pocTom Re,; MocefqHee O6cTOSATebCTBO, e€CTECTBEHHO, OFpaHHuHJO 
BO3MO2KHOCTb TIPHMeHeHHA ypaBHeHHA (5) K HCCJIeAOBaHHIO pasBHTHA BOSMYLLeHHH 
‘CpaBHHTeJIbHO HeOoubUIMMM UMCaMu Re, (NopsyKa HeCKOJIbKUX J@CATKOB). 
YMOMAHYTHIe pesyJIbTaTbl OTHOCATCA K CIYTHbIM CTPpyAM 3a TeJIaMH JHOOOK 
opMbI, MocKouIbky pacnpesesieHve CKOpocTeli B STHX CTPyAX MOXO*Ke Ha BbIMHCJIeH- 
Hoe TospmuHomM. UToObI NOJYYHTh pe3yJbTaTbI JIA CMyTHOM CTpyH 3a TeJIOM 
FompeyeneHHol (bopMbIl, Hy2KXHO 3HaTb 3aBHCHMOCTb Cy OT Re uA 9Toro Tema 
M MIpHMeHHTb topmyibt (4) u (6). 

SKCNepHMeHTaIbHO HavOosee XOpolo HCc/eOBaHbI ABJICHHA B CIyTHOH 
ierpye 3a Kpyripim WusuHgpom (°°). pu manpix Re o6rekanne WnMHApa uMeeT 
JiamMunapupiml xapaxtep. IIpu Re= 30 B cnyTHoli crpye BO3HUKaloT MepHosu- 
-yecKue BO3MYIIeHHA, KOTOpbie Cc poctom Re npHBOAAT K OOpasoBaHHio «ilaxXMaT- 
HOH» BUxpeBol JopoxKu. IIpH Kaxkgom Re nocTosHHbI YacToTa OOpa3s0BaHHA 
BUXpeli 3a TEOM H OTHOCHTeIbHOe paccTosHHe a/d MexkAy BUXPAMH OAHOPO pHa 
_RopoxkKu (Menstoujmeca c u3smMeHeHiem Re). 


1 
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I. UW. Terpos (*) Beicka3a mpeAnosovwkeHMe, UTO CucTeMa BUXpel B cllyTHOW 
cTpye OOpasyerca BCJeCTBUe PaSBHTHA BOSMYLeHUM Mocwe nepexowa TeveHHA 
K COCTOAHHIO HEYCTOMUMBOCTH HM 4YTO MpH Kaxkom Re B ciyTHOK cTpye pasBu- 
Ba€TCA TOJIbKO TO BO3MYICHHe, KOTOPOe HMeeT TEHJeHMMIO pact OpicTpee Apy- 
THX. STO 3HayHT, YTO pH KaxKZOM Re Mb JOJKHbI PaCCMaTPHBaTb TOJbKO 70 
BO3MYICHHe, KOTOpOMy cooTBeTCTByeT HaHOoubuee Cj. Orctoyja, 10 H3/10%KeH- 
HOMY Bbulue, cllenyetT, uTo //a=0,191 aaa Bcex Re. | 

IIpu uccneqoBaHuu ycTowuMBOcTH TeYeHHA B CTpye 3a WHJIHMHpOM paccMa- 
TPHBaJlOCcb Ce4YeHHe CTPyH, B KOTOPOM TpaMeHT CKOpPOcTM HaHOowlee BeIHK, 
T. e. rye u (0)=0. : 

Uncno Crpyxaa, XapakTepu3yromlee YacTOTy BO3MYLICHHH, MMEeIOIIHX 
upH Kaxkom Re TeHeHiMio pasBuBaTbca ObicTpee ApyrHx, PaCcCuHTbIBaJIOCk 
mo opmyuie 


air (14) 


[padux 3aBucumocru Sh or Re mpupeyeu va puc. 1; Tam xe Aa cpaBHeHhA 
TOM€LLCHBI SKCIePHMeHTAJIbHbIe pesybTaTH! (°°) 3aBMcuMocTH BemMUHHbI Nd/tcg 


] 2 495 17 ? 
UgRe ——— tke: = 
Puc. 1 ican 


or Re, rage N —uactota oOpa30BaHua Buxpel. JIma Tex xe Re (mpu a, 
= |,2) ObliM paccunTaHb! 3HayeHHa a/d (a — JJIMHa BOJIHbI BOSMyleHHa). Pesysib4 
TaTbI BUAHBI M3 puc. 2, Pe WA cpaBHEHHA MpPHBeeHbI TAKKe SKCMePHMeHTAJIb} 
Hble WaHHbe (°) O 3aBHcHMocTH or Re orHocuTelbHOrO paccTrosHuA a/d MexTy 
BUXPAMM OHOTO pada ROpomwKu. 

Mbt BHMM, YTO NOJIYYeHHBIe Ha OCHOBAHHH JIMHeMHOM THApOAMHaMuYecKoOL 
TEOPHH YCTOMYMBOCTH Pe3YJIbTaTbI OTHOCHTeEJIbHO Pa3BHTHA BO3MYIeCHHH 
CNYTHOH CTpye JOCTaTOUHO XOPOMIO COOTBETCTBYIOT SKCINEPHMCHTAaJIbHbIM JaHHbIM 
OTHOCHTEJIbHO (OPMHPOBaHHA BHUXPeBbIX JOPOXKeK. ITO NOTBepxK Maer cnpaBed 
JIMBOCTbh CCOPMYJIHPOBaHHOH BbUUe THNMOTeSHI. 

B 3aksoueHHe BbIpaxkaio riyOoky1o 6arofapuHoctTs akag. T. V. Ilerpony 
3a ILCHHbIe yKa3aHHa. 


MockoscKuit rocyapcTBeHHbIH yHUBepCuTer Iloery nu0: 
um. M. B. Jlomonocopa 25 VI 1958 


HWMTHPOBAHHAA JIMTEPATYPA 

‘YT. Wauxtuur, Teopua morpanuunoro caoa, 1956. 2 WV ele o) loletneigemny 
Handbuch der Experimentalphysik, 4, T. 1, 1931,S.209. %T. HW. Merpos, Tp. WAIHI 
B. 304 (1937). 4 CospemeHHoe cocTrosHue ruqpoaspoqMHaMuKA BASKOM xKuZKocTH, 2, M. 
1948. & Li Rosenhead, .M., S.ch wa be, Proc. Roys Soc., A, 129, 15: (1930) 
° A. Thom, Great Brit. Aeronaut. Res. Com., Rep. and Mem., Ne 1373 (1931). 7 L. Kol 
vaznay, Proc. Roy. Soc., A, 198, 174 (1949). 8&C. Wieselsberger, Phys. Zs.} 
22, Ne 11, 321 (1921). 9 * BE. Tyler, Phil. ’Mag, (7); 11, 849 4931). 
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Aorsage Akagemunu nayr CCCP 
1958. Tom 123, Ni 4 


TEOPHA YIPYTOCTH 


K. ©. BOMLIEXOBCKAS 


YCTOHMYMBOCTb WHJIMHJPHYECKHX OBOJIOUEK C TOUKM 3PEHHS: 
MATEMATHYUECKOM TEOPHM YMPYrOcTHu 


(ITpedcmasaeno akademuxom JI. H. Cedoewm 1 VII 1958) 


O6ulai mpoOsema ycTOH4YMBOCTH ympyrux Tel c TOUKH 3peHua ypaBHeHHit 
HeJIMHeMHOH TeopHu ynpyroctTu nocraBsena B. B. Hosoxnsospm (!). OxHaKo: 
pelleHHe KOHKPeTHbIX 3aa¥ BCTPeTHJIO TPYAHOCTH, KOTOPBIe NoKa elle He: 
nmpeogoulenbl. [Ipene6perad KOMNOHeHTaMH BpallleHHa B ypaBHeHUAX PaBHOBe- 
CHA, HO COXpaHAA MX B PpaHHUHBIX yclOBMAX sagauu, A. IO. Mmanncknii (2): 
lal pemieHve 3afayuH OO ycTOHUYMBOCTH CKaTHA GeCKOHeYHO JVIMHHOL mouOcH 
B yCJIOBHAX MIOCKOM JetopMal\wH. SHaueHve KpHTHYeCKOH cHIbI, HaliqeHHor 
MM, MOUTH TOUHO cOBMaaeT Cc MOJIy4YeHHbIMH 
pacueramu mo dopmyvie Olinepa Daa mposomp- 
Horo u3rH0a. 

B JjaHHOu cTaTbe 3aqaya yYCTOHYHBOCTH CKa- 
THA WHIMHApHyecKkOH OOOJOYUKH paccMaTpHBaerT- 
CH Ha OCHOBaHHH ypaBHeHHi MaTeMaTHyeCKO 
TeOPUH ympyrocTu Take Oe3 yyeTa KOMIIOHCHT 
BpallleHHaA B HHX, HO C yyeTOM JepopMallHH 
TpaHH4HOH MOBepXHOCTH TeJa. 

IlycrTb novibii (WHIHHAp, BHYTPeCHHHH M BHeLI- 
HHH paMyCcbl KOTOPOrO PaBHbI COOTBETCTBCHHO 
R,u R,(puc. 1), cakuMaeTCA B OCeBOM HalpaB- 
JI€HHH yCHJIMeM Pp, OTHECCHHBIM K eHHULe MJ10- 
mau. BokoBad MOBepXHOCTb WHJIHHApa cBO- 
joqua oT ycuui. Haligem To 3sHayenue p, mpu 
KOTOPOM, KPOM€ OCHOBHOYO TIOJIOXKeHHA PaBHO- 
BECHA, ONpeseAeMoro HalpsxXeHHAMH 


5 [oh = d= ahJ= te =0, of =—p (1) 


M MepeMelleHHvAMH 


uo = ~ r, uy=0, a ome 1 (2) 


Tye E—moyym JOura, vy —Kosdppuunent ITyaccona), BosMoxHO pyroe,. 
JECKOHEYHO OJIH3KOe K OCHOBHOMY, COCTOAHHe paBHOBecHsA, pH KOTOPOM 6oKoBasa 
JOBEPXHOCTb IWIMHpa TakxKe cBOOO,Ha OT YCHJIMH, HO yKe MOKeT ObITD: 
{elLMJIMH{pHuecKOH. 

Ilyctbh u,, Ue, Uz — MONOJIHHTeJIbHbIC OCCKOHEYHO MaJIbIe MepeMelLeHHs TOUeK 
[MJIMHpa OT HX TOJIO%KeHHA B UCXOAHOM JePOPMUPOBaHHOM COCTOSHHH; 9,;, 99, 
5p, TO, Ter» Tz — COOTBETCTBYIOULHe STHM MepeMeleHHAM HallpxxKeHHs. 

PaccmorpumM cayyalt OCeCHMMeTpHUHOH (popMbI NoTepH ycTounBocru. Tora 
byHKiMaA HanpsKennit U ne sapucur or §, MH 3aqaua ycTOiuMBocTH CxKAaTHA 
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NMONOrO WHJIMHApa CBOAMTCA K PpeLlWeHHto OvrapMoHnyeckKoro ypaBHeHhaA 


VU (72) =) (3)| 


Ip rpaHWyHbIX yCJIOBAAX 
(of + a,) cosry + (tre + tz) cos zv = 0, 

(<P, + tz) cosry + (09 + 2) coszv = 0 

Jj ONeL i Rj + uy (Rj, 2) Gj = l; 2), (4)) 


rye Ties 1 coorpercTByeT BHYTpeHHeH, a j = 2— BuHellHelH OoKoBoH JecopMu-+ 
pOBaHHOM MOBepXHOCTH WMJIMHpa; Y — HOPMaJIb K JePOpMHpOBaHHOH NOBepXHOCTH;| 
HaMpsAXKeHHA Gp, Og, Oz H Tz BbIPaKaloTCA vepe3s (yHKIUHIO HalipsA*KeHHH 10 
H3BeCTHBIM (popMyviam (°). 

Mcnomp30pas peienve (1) — (2), coornomienua cos ry : cos zy = 1 : (— Ou, iT) 
vf pasIOXKeHHA CPYHKUM o, MH tz B pAb! Telislopa, JlerkKO BUeTb, YTO C TOUHOCTHHA 
QO BeIMUMH BTOporo MopAAKa MasocTH rpaHHuHble ycoBHA (4) MoxHO OpaTH 
He Ha JlecbopMupoBaHHol noBepxHocTu r = R; + u; (R;, Z) (j= 1, 2), a Ha Heje- 
cbopMupoBaHHOH moBepxHocTH f=; (j = 1, 2); BeneqcTBue STOrO TpaHHUHble 
ycoBua (4) NpHHuMarloT Buy 


fo Pt pane spe 6, mpar=—R, (j=1, 2). (5) 


BurapMonnueckomy ypaBHenuio (3) yOBJeTBOpseT (PyYHKILMA 


U(r, 2) = [ewe (iar) + Cor & Jo (iar) +C3No (iar) +Cyr-Z No (iar)| cos az, C 


rye Jo (iar), No (iar) —coorBetcTBeHHO (byHkuMu Beccena u Helimana nysesors 
mopsqKa OT MHMMOrO apryMeHTa iar; Cy, Cy, Cs u Cy — MOcTOAHHbIe HHTerpupe 
BaHHA; MWapaMeTp a onpeyesseT JJIMHY BOJIHbI, IpHuem 


sakes Dh Saks s (7 


rye l/m— yMHa MOJyBOJHEI. 
Mcnomb30paB 3aKOH Tyka uw rpanMunbie ycnoBua (5), nomyaHM uerTbipd 
JIMHEHHBIX aJIreOpaMyecKUX YpaBHeHHA OTHOCHTeJIbHO HeW3BeCTHBIX C}, C2, Cz u Caj 


[as ta) — Jo ED] Cx + Uti (t) + y— 1) Jo (EC + 


4 es NEN (1) \Cs + [t)Ni (t;)) + (29—1)No(t)]1C,=0 (8} 
(273) 

(p+ eea)atnet [lp + rsa) nt reheat Tl 

+ (p+ cB) W(t) Co+[ (a+ 2p) ti (t) +24 EN, (4) |C4=0 (F=1, 9) 


rye Aa yqoOcTBa OOc3HaueHO 
ty — tak, te —— iakg. & 
HerpupuaJibHoe peiienve cucrempl (8) cyulecTByeT pH ycsOBHH paBeHCTB 


HyJIO e€ ONpeeJMTeJIA. ITO ycJIOBHe JaeT HaM yYPpaBHeHHe JA OonpeeJIeHu 
KPHTHGeCKOrO C#KHMAaIOUerO YCHJINA Prp IIpH KOTOPOM {iIpoHcCxo,uT noTeps 


ycTOHUMBOCTH, a WMMeCHHO 


A (Pay + Tes) +88 (Puy + res) FEC = 0, (10 
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2(4 — v) 

jee f= Gaanyy Op a BetMunHE! A, B u C — Bbipaxatorcs yepe3 (PyHKWHH 
ecceia H Helimana npn ¢t = iaR, u t = iaR». 

Tlombsyacb np GomDuMx sHauenuax aprymenta t = ix acummtorauecknmn 


opMyviamu (°) Aa WHIMHApHuecKUX (pyHKUHi, MoxHO mpeqctasutp A, Bu C 
| Buse ; 


6 4 roe IN 
= 14 (s*— 1) + =z $4? rage Sy a eS Soe -- ashe 
4 


Els (s?—- 1) + Fe 28 + 28— Iya t...J4+0(H)! 


= ot {85/1 teP+ Ett ye vt...)t 

+ [8 —9) + FO —75) 99 + A gd 4 ~ 
+ Fi —s)+...1+0(2\, 

P4t+ae+evtaed b...)4 a (4 ! By? + Gent +...) + 
+t...) +0(%)f, 


n= (R—R), b=FVRR, s=1—2. (12) 


Tak kak A<0, B<0,C > 0, To ofHo 3HaueHne Pup OYAET OTPHUATEIbHbIM. 
Topoe 3HaveHHe p,, MOc/e HCNOMb3OBaHHA 3aBHCHMOCTeH (11) B ypaBHeHuH (10) 
MMeT BH] 


4 a2 7y — 2 6iv2 — 26v — 1 
om Ela 5 [1 a ion ) ieee | ; |+ 


cad 


1 4+ v—v — 5 + 25v— 16v? + 6v3 
+ [1+ Gam 1 + 397 — wy) I) at+...|+ (13 


4y (4— v) —1+ 7v + 4v? — 6v3 2v8 (1 —v) 4 
-+- 53 [1+ et | t.. ito(se)} 


Tak Kak MepememeHve u,, COOTBeTCTByloUlee pellleHuio (3), OOpallaerca 
HYIb mp z=0 nu z=1, TO nonyyeHHyio0 copmysty (13) MoxHO cpaBHHTb 
(opmysi0H TeopHH TOHKHX OOo/IOUeK (4) AJA WHJIMHApHuecKko OOoMOUKH C Wap- 
(MPHbIM 3akpellieHHeM Ha Kpasx 


m2 (Re — R1)? 4[? 
op El aa eee - 


WH, B O6OsHayeHHAX (12), 
Zs te tebe: 15) 
op = Ela sy +e (19) 
Jlonyckas, uTo Mo JulMHe OOONOUKH OOpasyeTCA MHOFO BOJIH, a Oxp HEMPePbIBHO 
ABVCHT OT /, MMHAMaJbHOe 3Ha4ueHHe KpHTHYeCKOrO ycHJINA MpH ycuoBunH (*\ 
2 
se Se nt (16) 
(OMYUHM B BAe 
2 
Bee ea 5 (17) 
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Hcnompsy coorsouienve (16) B copmysie (13), HaxoquM 


Nc Ey 8 + 35v — 23v?_ 4 
Pup = BU — Ww) {! + 6G =a 
17 + 196v — 69v2— 196v8 + 192v4 , 
af. 50401 — vp a le 


TakuM oOpa3oM, dopmysia (17), BbIBeqeHHad MeTOJaMH TeOPHH TOHKH 
oOoloueK, ABJIAeETCA TpefembHOH mpu y—>O0 Ana opmyp (18), BErBe_eHHO 
Ha OCHOBaHHH OOMIMX ypaBHeHMit MaTemMaTHYeCKOH TeOpHH ympyrocrTn. 

IIpu E = 2,08-108 xr/em?; v = 0,3; y= 0,05 nonyuum 


Pep = 952,73928 Kr/em®; — oxy = 952,38095 Kr/CM?; Ppp /%, = 1000376. 


(ig 


PasHvlla B 3Ha4eHHAX KpHTHYeCKHX Hanps2keHMH, MOJLYYeHHBIX 10 (popMyviaM ( ¥ 
u (18), uMeeT NOpAZOK COTHIX JOeH MpOlenTa. 

B 3aKkJIOUeHHe CYHTAaIO CBOHM IIPHATHbIM JOJITOM BbIPa3sHTb TlyOoKyt10 6u1e 
rolapHoctb akayq. AH YCCP A. IO. Hnwimuckomy 3a noctaHoBky 3afauH | 
PYKOBOCTBO. | 


MuctutyT MatemaTuku Tlocry nH10 
Axayemuu HayK YCCP 20 V 1958 | 


IMTHPOBAHHAA JIMTEPATYPA 


1B. B. Hopowxuaos, OcHopbl HemMHeHoH Teopuu yupyroctu, JI.—M., 194 
iy TES PING Oe MWmaunckn ii, YKp. MaTeM. KyPH., 6, 140 (1954). 3 A. "IIa 
Matematuyeckan Teopua ynpyrocru, M.— JI., 1935, crp. 288. 4C. Il. Tumoureuxg 
YctToHunpocTb ynpyrux cuctem, M., 1955, cTp. 445. ®T, H. Batcou, Teopus Geccea 
BbIX yHKuAH, MI, 1949, crp. 096. 
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Hokuagn Akanqemun Hayk CCCP 
1958. Tom 123, Ne 4 


TEOPHA YIIPYTOCTH 


A. H. POMALIOB, B. H. POJMOHOB u A. TI. CYXOTHH 


B3PbIB B YIJIOTHAIOWJENCA HEOTPAHHYEHHOH CPEJIE 


(ITpedcmaeneno axademuxom H. H. Cemenoeoim 28 VI 1958) 


CpoeoOpasve pasBHTHA B3pbIBa B rpyHTe CBA3aHO C OO/bINHMH HeOOpaTH- 
MBIMH JepopMal\uAMHU cpefpl. B HacTOAMel CTaTbe H3J1IOXKCHbI OCHOBHBIC pe3yuJIb- 
TaTbl SKCNEPHMEHTAIbHOFO H TeOPeTHYeCKOTO UCC/eOBAHHA BSPbIBa B yIWIOT- 
HAIOWeHCA Heympyron cpeze. 

MerowukKa 9kKCNePuMeHTA. Bappipsr 3apszos Becom 1,0; 6,0 
H 24,0 r npOH3BOLHJICb B NeCuaHOM rpyHTe noTHocTbIO 1,5 r/cm? Hv BulaxKHOCTbIO 
6%. Bauanve cBoOo,HOH NOBepXHOCTH Ha Pa3BHTHE B3pPbIBa B OMbITaX OBO 
uck04eHO. IIpuH 9TOM ABHxKeHHe cpe- 

Abt Obwio ciepHyecKH CHMMeTPHUHbIM. 
B onbitax H3MepsAVJIHCb CKOPOCTb pacipo- e) 
CTpaHeHHA (POHTa BOJIHbI HW CMeLLeHHA / 
BO BP€MCHH CbepHyecKUX CJIOeB, MepBO- 
HavaJIbHO PaCMOJIOMKeHHbIX Ha Pa3JINu- 
HbIX PaCCTOAHHAX OT WeHTpa B3pbIBa. 
CuMMeTPHA JBHXKEHHA NOSBOAa BeCTH 


peructpalinio m0 J000My BbIOpaHHoMy Puc. 1. Cxema perucrpalun mepemenenuii 
paduycy. Ja PUKCHPOBaHHA HEKOTO- yo ppemenn, 1—sapan, 2—¢oapra, 
poH MOBepXHOCTH B rpyHT NOMellaacb 3 — 30H, 


qoubra TomMmHHOH O,1 MM, koTOpaa 
nepeMelilasiacb BMecTe CO cpeyoH. PerucTpalluA mepememjenni doubru co Bpe- 
MCHEM OCYIILECTBIAIaCb C MOMOULbIO MHOFOKOHTAKTHOFO HeNOJBHKHO 3ak/Pell- 
JleHHoro 30Hga (puc. 1). Sanucb 97eKTPOCHTHAaJOB NpPOH3BOMHNAaCch Ha KaTOJ- 
HOM oclluorpape OK-24 (UX®). 

Pe3yabTaTH OnbTOB. Ha pune. 2 npuBesena THNHYHAA OMbITHAA 
3aBHCuMocTb / (t), MOJyYeHHAaA Np B3pbHiBe 3apsya 24 LF A cox, OTCTOALLErO 
OT enTpa 3apsfa Ha pacctonHue B 10cm. AnaslOrMuHbie KpHBbIe Obl NOs yYeHbI 


Jia Apyrux paccTosnHi B AManasone 0,38< pil b: K pHBple ator movie cMelle- 
Vq 

HHii BOKPyr 3apsjja B pa3JIMYHbIe MOMeHTHI BpemMeHH. I paduyeckum uddepex- 

I\HpOBaHHeM KpHBBIX / (¢) ObwIO HalieHO Moe CKOpOcTeH CMeLeHHH YaCTHIL 

cpelbl H ero W3M€HeHHe CO BpeMeHeM. OcHOBHbIe 3aBHCHMOCTH MOryT OBITb 

BbIPaxKeHbI POPMyJIaMu 


D=40-—1 ; (1) 
ae 
Ye 3,4 va ’ (2) 
R \1,5 
p= u(S), (3) 


4* 627 


rye R, r (mM) — Koopyunars! :pouTa w TeKyukad KOOpAMHaTa; q (Kr) — Bec SapAqa; 
D(m/cek) —ckopocTb (ppouTa BOJHBI; “4, UV (M/CeK) — CKOpOCTH CMelleHHH 4aCTHIL 
cpeybI COOTBeTCTBeHHO Ha (ppouTe H 3a (poHTOM Ha paccTOAHHM fF OT WeuTpa 
gapaqa. 

Ha ocHosaHHi MOJy4eHHbIX aHHbIX OplJla ompeqeseHa KMHeTHYeCKaA SHeprHuA 
B pa3IM4Hble MOMeHTbI BpeMeHH. BeswuwHa e@ MaJIO MeHAeTCH HW COCTAaBAeT 
mpuMepHo 2—3% nomHo sHeprun F. 

Ouenka 9HeprHu, OcTaloulelicA B MpOAyKTax B3pbIBa, NOKa3aJla, YTO HeoOpa- 
THMbIH pacxo S9Heprau Ha HarpeB rpyHTa Mp Heynpyrom ero AeopmMupoBaHHy 
cocrapaset 70—80% E. Cno- 
MOL[bIO OMbITHbIX 3aBHCHMOCTeH 
TyTeM HHTerpHpOoBaHHA ypaBHe- 
HHH JBUKeHHA Oblla MOJIyyeHa 
gmiopa HallpaxKeHHH 3a (PpOHTOM 
BOJIHbI B pa3JIMYHbIe +MOMeHTbI 
BpemeHH. Iloxa3aHoO, 4TO BO BCel 
HCCJICOBaHHOH OOsIaCTH OTHO- 
WeCHHE Soy] Opp = Seq / Orr = & 
MOXKHO MPHHATb MOCTOAHHBIM H 
paBHpim 0,4. 9ro cooTBeTctT- 
ByeT YCJIOBHIO MJIaCTHUHOCTH: 
Orr — Sop = IN (Ser + Fog + S00), 
rye m= const. M3 dopmya (1) 


$a: Oe u (2) BHAHO, 4TO MO Mepe pac- 
Puc. 2. OnbirHad 3aBHCHMOCTb MepeMeuleHHH CJIOA BO TIpocTpaHeHua ppoHTa BOVHBI 


Bpemeuu. | — ABuwxKeHHe Clon, 2 — ABuxKeHHe PpoHTa 
BOJIHbI yIlJIOTHeHHe Ha (ppouTe YMeHb- 


wlaeTca. 

TlocTaHoBka 3afauH O B3pbIBe B HeEOrpaHH¥eHHOH Heyn- 
pyro RemopmMupyemodw cpexe. YpaBHenua ABMHKeHHA JIA WeHTPaJIbHO- 
CHMMeTpHyecKOrO JIBHXKCHHA HMeIOT BHI? 


MCEK 


dv ou 4 0s,, 2 (1 ct) Srp re 

a acai oP ak “) 
ee) 0 (ev) 200 
fea sarah (5) 


Onbit MoKa3aul, 4TO OObeMHbIe WepopMallHH MMeIOT HeOOpaTHMbI xapakTep, 
a 3€BHCHMOCTb YIWIOTHACMOCTH OT HampaxKeHHA MO*KeT ObITb MpHOsmM2KeHHO 
1/n 
3anucaHa B Bye (1 — £o.) =f = (-F) Me: 
YcoBve MIaCTHYHOCTH AIA PpyHTa OMpeWeNAeTCA BbIPAKeHHeM: 3;, — dog = 


= M(3rr + 2399). Acnosb3ya ycnoBue M/laCTH4HOCTH, MOXKHO HamucaTb 3,, = BE”. 
[T>eneO6perad BOMHOBbIMA MpOleccaMM B paCUIMPAIOMLUXCA MposyKTaX B3pbiBa, 
3aBHCHMOCTb J[aBJICHHA B MOJIOCTH OT ee pafuyca fo MOMKHO ONHCaTb chopmyvoi 


Raley (6) 


Pye YY — NOKa3aTeJlb H39HTPOMbI MpORyKTOB B3DbIBa. 


Jina n> 1 rpanuyel Bo3mMyueHHO o6macru OyqeT yAapHpri cbpourt, 
YCJIOBHA Ha KOTOPOM: 


poR=p(R—u), po? =p(R—u?— a, (R), (7) 


rye R—paguyc tpouta, u —ckopocTs uacTH Bo (pote BOWHBI. 

Coornowenua (6) (7) aBastorcea rpaHu4Hbima yCJIOBHAMH 3ayaun. Tlocrapnen- 
Had 3aqaua orM4aetca or 3aqauM A. C. Kommanefiua (1) tem, utTo pmecto 
NOCTOAHHOPO YIWIOTHEHHA Mpa CKATHH MPHHAM4eTcA CTeMeHHOA 3aKOd ynOTHAeMo- 
CTH OT JaBmeHHa. 
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: k 
Byjem vickaTb pewenne B Buze R = c( a - YUHTHIBAH, 4TO 3a poHTOM 


BOJHbI TPH pasrpy2KCHHH MSMeHEHUA MJIOTEOCTH He NPOHCXOUT, H3 ypaBHenns (5) 
MOJ1Y4HM: ; 


DER) (8) 


Hicnompsys Bbipaxkenve (8), npounTerpupyem ypaBHenHe (4), cunTas, uTO 
9 =o. U3 rpanuunprx ycviopuii Ha (ponte BOMHBI Halijjem MPOW3BOJIbHYIO (PyHKILHIO 
M BbIYHCJIHM HallpsxKeHHA Ha rpaHHlle C MOMOCTHIO: 


2 
a Pee eV aa Mime ee 
Cron = — 9 n—1 ae ie Ree Oe) ab 9 
‘ as Qo A R ( ) 
grt 
ee 6n—2 an 6n—2 
crn ha Se sje 3 (n—1) pm ae tis d\n f Ry 08 aD 
“ae ar ‘opie =) 2E—A 2 (2—k4 7) (52) ; 
oo pore 
a eae 
rye b= ye Bring saci Fahd tren 
Po ‘ 2 5 
AT are 


YpaBHenve (5) NO3BOAeT HalTH 3aBHCMMOCTb fy oT R. Tlogcrapssaa ee 
B rpaHHuHoe ycvloBHe (6), Hatem 


2k 
papin(&) (10) 


CmbicJI NpH6JIW2KeHHOTO PeleHHA COCTOHT B TOM, YTOOI, nosOupaa Koap- 
cpuunenth! C uk, QOOnTHCA Havtyulero copnayeHHA P UW opon BO BCeM HcCVie- 
myemMom jana3oHe. B tTa6. 1 npuBegenbr Koadduunentht C u k, Kotoppie 
nogoOpaHbl Tak, uToOb B uanagoHe 10 << R/ Ry < 100 ornomenne —P / spoy 
Hurye He OTMHYaIOCcb oT 1,0 6omee, vem Ha 15%. 


Ta6auna 1 


Suauenna C wu k pana a=0,4 uv pop =1,0(B B KI /cm?) 


B= 10 B = 10° B = 10° B = 10% B= 1032 
Y n k Po-10-%, KI /cm? 
Suauenua Kos@@uuvnenta C-10-° 

4,33 3 1,0 1,0 330 10 _- -- 
4 shee) — 2,0 2,2 14 —_— 14,5 
7 are) — Bok Use 5) 

HPS 3 1,05 ie @ 3,6 aly — — 
5 20 — 252 4,7 9,3 — {250 
7 1,4 — — 3,9 6,0 9,0 


Jina mpyrux p) BeHuHHa k He u3MeHHTCA, a 3HayeHHaA C Hajo O6paTb 
n—1 


YMCHbIICHHBIMH B p2("+y—"l) pas. [Ip H3MeHeHHH & OT 0 zo 1,0 pen GC 
lipakTHUeCKH He MeHseTcA, a KosppHuneHT k yMenbilaeTcs. Jaa B= 10*un=3 

Koapduunent & usMeusietca or 1,1 («= 0) Jo OV ac=="1,0). 
3HanHe KoacbdbuuMeHToB C uk MosBOMAeT JerKO BbIMHCJITb BCe OCTAJIbHBIC 
llapaMeTpbl JBHXKeHHA rpyHTa. B yacTHOCTH, Nose CKOpocTeH CMeIILeHHsA 6y Wer 
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ONHCHIBATbCA (POpMyVIOH: 


n+1 1 
A‘ (Ry)\{(R\ CMslpeek n+1 
va Ae(BY(EP. ne a= SE a etth 
0 B®-1 


PacueT mOKa3bIBaeT, YTO BO BCeM HCCJIeqOBaHHOM jMala3soHe u3MeHeHHA A 
HW 7% O4eHb MaJibl: A H3MeHseTCH MeHee 4uem B 1,0 pa3a, a KOSppuUHeHT 7 
MeHee uem Ha 10%. Takum o6pa30M, MoKa3aHa O4eHb Cila6ad 3aBHCHMOCTb 
MOI CKOpOCTeH OT CBOHCTB CpeJbl B Heympyro JePpopMupyeMbIx cpefax. 

Ha ocnope OMbITHOM 3aBMCHMOcTH o = o(£) IA MecuaHoro rpyHTa Obl 
pacCuuTaHbl 3aBHCHMOCTH 


A 11 i 1,9 
a ee q as ae 
D=R=64 ("3 ; i= 316i R : 


Y NOBJIETBOPHTeJIbHOe corslacHe C ONbITHBIMH (bopMysiamu (1) uw (2) mo3sBOAeT 
Mpeqnosaratb, YTO HalijleHHble 3aKOHOMepHocTH OyAyT cipaBeIMBbI AIA LWIMpO- 
KOrO KJlacca FpyHTOB. 


VWUncratyT xuMuueCKOH u3HKH Tloctymu10 
Akajlemuu Hayk CCCP 28 VI 1958 


LWMTHPOBAHHASA JIATEPATYPA 
1A. C. Komnaueen, JIAH, 109, No 1, 49 (1956). 
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MATEMATHYECKAA ®H3HKA 


B. Tl. MACJIOB 


\ CHMNTOTHKA COBCTBEHHbIX ®YHKUMM YPABHEHHMSA Au + ku = 0 
C KPAEBbIMH YCJIOBHSMH HA S9KBUAMCTAHTHbIX KPHBbIX 
MW PACCEAHHE 3JIEKTPOMATHUTHBIX BOJIH B BOJIHOBOJIE 


(ITpedcmaeaeno axademuxom H. H. Bozoawb6oeeim 2 VII 1958) 


PaccmoTpuM ypaBHeHle 
| Ade + kde = 0 (1) 
- HeEKOTOPOH O6ylacTH, OrpaHHueHHOH: a) H60 AByMA 3aMKHYTAIMH 9KBUAMCTaHT- 
bIMH KPHBbIMH (T. €. KPHBbIMH, PaCCTOAHHe MeK]Y KOTOPbIMH MO HOpMaJH 
OCTOAHHO); 6) HOO JByMA SKBHAMCTaHTHBIMH KPHBbIMH H JBYMA HOpMaJIAMH 
HUM; B) JIMOO AByMA OecKOHeYHO MpOCTHpaloulHMHCA SKBUAMCTaHTHbIMH KpH- 
BIMH. IIpeymomoxKHM, 4TO 
5 2 
bd, [p=9. (2) 


3 M€pBbIX JByX CJlyyaax cieKTp OyJeT MUCKPeTHBIM, B NOCeqHeEM csy4ae 
elIpepbIBHbIM. 

IIpHMemM 3a HOByf!O CHCTeMy KOOpyMHaT JWIMHY JYrH S BHYyTpeHHeH (pu 
OJIOKUTEIbHOH KPHBH3HeE x(S)) SKBHAMCTaHTHOM KpHBOM HU JVIMHY f HOpMaJn 
- HeH. IlyctTb paccTosHHe MexKY 9KBUAMCTaHTHBIMH KPHBbIMA paBHO a. Torga 


ant sin (znr / a) a ay 3 
A Oe AO Ter (3) 
‘Ae 

1 =VBP— en] ay, (4) 


| 


. 2(S) yROBsJeTBOpAeT ypaBHeHHto 


ris 5 a (x’)? 


u aq? Pa 
‘ ath Ee aoa HP (1 —*a)}e = 0 (5) 


( B cjlyuae a) yCNOBHIO MepHoyquunocTH, a B Cllyyae 6) HyJeBbIM PpaHHUHbIM 
'CJIOBHAM. 

Uncno m He BXOJMT B ypaBHeHHe (1). Ono, OfHaKO, MOXKeT 3aaBaTEcs 
(ONOMHHTEJIbHBIM YCJIOBHEM (cM. Hw2Ke). Kpome toro, dopmysly (3) MOxKHO 
JACCMATPHBAaTb Kak ABOHHY1O ACHMITOTHKY: cCHavasia NO @y—IIpH 93TOM n 
loulyuaeT onpeyeveHHbI cmbicu (1), 3aTem no n. Dopmyia (3) HaeT acHMITOTHKy 
pH k—> oo coOcTBeHHbIX (pyHKUMH ypaBHenua (1), HepaBHOMepHy!0 NO Y, cwef0- 
aTCJIbHO, He JIA BcexX (PyHKUMH. 

Hametum joKasaTembcTBo (popmyvibt (3). O6o3sHayHM 


@ = sin ai p(s) (1— xr) , 


orja 
4 ro 4 oo 
AD ee op Xt) = +o =e} = 


= —()'sin™ 9(s)(1— ary" +s, 


rye 
o = sin ae (lt ecr) fe pto”+r(l1— “r)” (5, x"p + 2x'9" +. 
5) , > 
aden 
Orcroya 
\ ,6 dO 
Dex Dante == “4 eae 


a CJleJOBaTeJIbHO, 


D— 5, rR ia eh 


|k°—(rn | a)*|<rn | a 


B cayyae B) CyMMHpoBaHHe m0 k HayO 3aMeHHTb HHTerpupoBaHHemM. 
Jia onpeyestenua p(s) cocTaBHM cCeKYyJIApHOe ypaBHeHHe. Byyem WCKat! 


9KCTPeMyM (PyHKWHOHaa \beAde dQ mpu ycnoBnHn \ de dQ = 1 B knacce byHKuui 
@ (s) = sin (1 ep p(s). PyHKUHA o(S) YROBJIETBOPAeT YCJIOBHIO Depvo 
JMUHOCTH B Culy4ae a) HM KpaeBbIM YCJIOBHAM B CuJIlyyae 6), 


\ (DAD + k2D2} dQ = \as | (@s 1 k2®) (1 —xr) dr. 
0 


: Terr 8 
SamMeHAA NpHOsMxKeHHO 2sin? —, CAWHHen* HW MHTerpupys mo 7, Nouy4Mn 


(5 [2— (2) Jor +p A Oeos 4 5 Oe) 5 


1—xa 1—xa 
A x! (s) @?(s) @ bitin 


*@ (s) 5 ete (s) a8 
8 (—xa)? 2 Galway Haile tacos \ ds. 


Jlaa onpeyesenua @(s) coctaBuM ypaBHeHue Suisepa 


og” (s) + %’ (s) ¢’ (s) a i Y (s) ne x? (s) - ie : + 


Scale “a 


Cyemap 3ameny 9 (s) = z(s) V1 —xa, noutyyHM (5). 

Caryyal B) MO%KHO IpHMCHHTb K TJIOCKOMY H30rHYTOMY BOJIHOBOy, MOCKOJIbK) 
2-KOMNOHEHTA SJIEKTPOMarHHTHOM BOJHbI yOBJIeTBOpAeT ypaBHeHuto (1) c ycuo 
BHeM (2). 

TIpeqnos02KuM, KaK OObIUHO (1), YTO BOJHOBO MpH s—>--oo nepexogu’ 
B mpsaMol. Kak H3BeCTHO,, B STOM cmyyae Ha pellieHHe ypaBHenua (1) HaKwla 
JbIBAIOTCA YCJIOBHA 


co 
& TH ; 1 . Th —f 
u(s,r)~ sin > rev + >, A, sin ue OF) “Hpyysi ss 00) 

n=0 
a. Ade iY nS (6 
u(s,r)~ >) Bn sin = re pH s— 

n=0 

IIpH STHxX ycJIOBHAX pelleHHe ypaBHeHMii efuucTBenHo (4). Sanaua cocTou 


B OlpefeveHHH KosDULMeHTOB OTpaxkeHhaA A, H KoadPuUMeHTOB Mpoxoxyenusa By, 
IIpeqnonoxuM, 4TO 


aXo / Mo KI. (6a 


*B 4 har tT nr n 
cugly Toro, 4uTo 2 sin mr 4 —cos 2 Ba. ca60 CXOMUTCA K eLHHHUe npuy > = 
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forya 


or: sin (tor / a) ip ay 
u(s, fr) Feat oo == o( ) : 


We 2(s) yosnersopset ypaBHenuto (5) npn ycoBuax 


z (Ss) ~ efes + Aes IIpH S—> —~ oo, 


(7p 


z(s) ~ Betros IIpH S—>oo, 
— @usvyeckuii cmpicn 3afaa (1), (2), (6) caegyiommi. AcumntoruKxa 
Iph k-> co coorBeTcTByeT reoMeTpHueckoli ontTuKe. n/ayS>1 coorsercTByeT 
Ty4y, NyuWjeHHOMy B HallpaBleHun r. Cryyai n/ay~1 coorpetcrByeT smyuy, 
TyWeHHOMYy NO, yrvIOM K f; TaKOH JIyY OOK3aTeJbHO BbIXOJMT 43 BOJIHOBOJIa, 
IpH¥eM NO OCH S OH ABMXKETCH BCerfa B OMHOM HallpaBseHHN; 3TO CIpaBeJJIMBO: 
> TOUHOCTHIO O(%—) (3), caeqoBaTembHO, ycsloBHem (6) TaKOl cjlyyalt HCKJIO- 
daetch. B cuny (6a) k > 1, cneqoBatenbHo, 7? + n? 1, T. e. n> 1. Takum 
90pasoM, aCHMIMTOTHKa pelleHHa ypaBHeHusa (1), yqoBeTBOpsIoMero yCOBHsM 
2), (6), Oywer Beipaxatpen cbopmysoli (3).; Yeuosue (6) npn 9TOM Nepeliyer B: 
ycmoBue (7)° 

Onpeyenenve Koappunnentos A, u B, B 3agqaye (1); B), (2), (6) cBogurcs: 
< OTbICKaHHIO KOsdpunnentos A u B B 3ayaue (5), (7), T. e. K OObIMHOM KBaH- 
fOBO-MeXaHH4eCKOH 3ajlaue paccesHHA Yepe3 NOTeHIHaJIbHbIt Oapbep (4) B OAHO- 
MepHOM cyly4ae. 

EcJIM BOJIHOBOA MpxMOM HIM HMeeT (POpMy KOJIbILa, TO KOS*PPUMHeHTHI ypaB- 
feHua (5) OyqyT noctosHHbIMH. EcuH 2Ke BOJHOBOA CKJIee@H H3 KYCKOB IIpsMoro: 
1 KOJIbILeBOrO, TO KOSpuUveHTHI (5) OyAyT KyCOUHO-NOCTOSHHBI. B stom cutyuae 
qi HaxowKyenua A u B MoxKHO NpHMeHHTh (hopMyJIbl JIA onpeyemeHua KO3p- 
PHIMeHTOB MpoOxoxKAeHHA HW OTpParxKeHHs Yepe3 KYCOUHO-MOCTOAHHbIM MOTeHILMaJIb- 
ibii Oapbep (cM., HampHMep, (4), cTp. 95, 3aqaua 2). 

Ecau momumMo yculoBHA n> 1 MbI NOOKUM %)<1, TO MO*KHO OyyeT npu- 
MeHUTb (POpMyJIy JIA KOS*PPHIMeHTOB MpOXOxKeHHA Hal MaJIbIM MNOTeHIMaJIb~ 
IbIM OapbepoM. 

Sajjaua a) MOrKeT ObITb IpHIO*KeHa K PaCCeAHHIO 9JIEKTPOMAPHHTHbIX BOJIH 
3 IIpAMOH KOaKCHaJIbHOM JIMHHM C TPOH3BOJIbHbIM CeueHHeM. 

B TpexMepHoM culyyae B H30rHyTOM BOJIHOBOJe C NPOH3BOJIbHBIM Ce4eHHeM 
ACHMIITOTHKY MOXKHO UCKaTb B Bue up(s)/YJ, rae uw — acummToruueckoe pe- 
ueHve B ceyeHuu, J — AKOOMaH Tepexojla K COOTBeTCTBYIOMeH CHCTeMe KOOp- 


Har. 
B 3akmloyeHve aBTOp MpHHOcuT rsyOoky1io OsarogqapHoctb A. I. CBeminn- 


<opy u 9. I. Tlo3Haky 3a WeHHble 3aMe4uaHH HW TOMOIIb. 


Mockosckui TrocyapcTBeHHEIM yHHBepCHTeT Iloctynua0 
um. M. B. Jlomonocosa 24 VI 1958: 


UWHTHPOBAHHAA JIMTEPATYPA 


<oHOB, KKT®, 27, B. 11—12 (1947). ®M. Kline, Comm. Pure and Appl. Math., 4,. 


1A, T. Cpemuuxkos, JAH, 110, Ne 2 (1956). 2A. Camapcxkudl, A. Tu- 
Ye 2—3 (1951). 4 JI. JIangay, E. Jiuqgwmuu, Kesantosan mexanuxa, u. 1, 1948. 


; 
' 
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Noxxagn Akanemun nayk CCCP 
1958. Tom 123, Ne 4 


PH3HKA 


B. BOBPHHEB u B. BPATHHCKHM 


M3JIYYEHHE TOYEYHOTO 3APAA, PABHOMEPHO JIBH)KYLIEFOCS 
MO OCH KPYrJIOrO OTBEPCTHA B BECKOHEUHOM 
HAEAJIbHO MPOBOAALIEM MJIOCKOCTH 


(ITpedcmaeaeno axademuxom M. A. Jleonmoeuuem 7 VII 1958) 


PaccMoTpuM H3syueHHe TO“eIHOrO 3apAa €9, PaBHOMePHO JBM KYUeroca CC 
CKOPOCTbIO UV BAOJIb OCH Kpyrsioro OTBepcTHA payMyca fy B OeCKOHEYHOM HJleaJIb- 
HO MIpoBogaumeH nockoctu. Byfem npeqnouarath v/c<<1 (c — cKopoctTb cpeta). 
VgeasbHo MpoBogalty!0 MvIOCKOCTb C OTBEPCTHeEM COBMECTHM C IIJIOCKOCTbIO z = C 
(puc. 1). Jaa ompeyenenHoctu petlenve OyeM UCKaTb JA z>0. 

na onpegenenua E B BOJIHOBOH 30He HeOé- 
XOJ[MMO PelUHTb HeOHOPOAHOe BOJIHOBOe ypaBHe- 
HHe C HeOJHOPOAHbIMH YTpaHHUHbIMH YyCJIOBHAMK. 
E MO>KHO HCKaTb B Buse 


E=E,-+E,, 


rye E, — pellienve HeoqHOpoyHoro ypaBHeHHA 
OJHOPOJHBIMA rpaHHuHbIMU yculioBuAMH; E, — pe- 
IWeHHe OJHOPOAHOrTO ypaBHeHHA Cc HeOJHOPOHbE 
MH TpaHHuHbIMH yCJIOBHAMH. 
Ileppaad 3afaua cBOJMTCA K ONpesevleHHio 10 
JIA W3JLyY4eHHA TOUeYHOrTO 3apAya €9, MOABJIAIO- 
ujerocd Ha mocKoctu z=0 wu ByoxKyulerocs 
Puc. 4 3aTeM C MOCTOAHHOM CKOPOCTbIO UV BAOJIb OCH Z. 
IIpu stom E;=0 wa sce mmocKocTH. Sro Tax 
‘Ha3bIBaeMOe «TepexOAHOe H3JIyYeHHe» Mp Mepexoye 3apxAga H3 MeTaJwIa B BaKy- 
ym. B paOore (!) BaruvcleHoO nose u3yueHHA JIA OOpaTHoro Mepexojja (BaKy- 
‘yM — Metasim). [Ipa v/c<1 nanpapnenve _BuxKeHMA (M3 MeTasa HIM B Me- 
TaJIJ1) 6e3pa3s1M4HO. 
Takum o6pa30M, pelleHwe neppoli 3ayauu HMeeT BHI 


env sin 9 e—/#Ro > 
SD ents crete eae (1 
L 


ee ee eee 


| 
THE €9 — BeJIMUMHA 3apaAya; Vv — ero CKOPOCTb; o — yroul Me@*K]Y OCbiO Zz H Ha- 
> 


MpaBJleHHeM B TOUKY HaOJOeHHA; C — CKOPOCTb cBeTa; Jy — eMHHUHBIIi BeKTOD, 
HallpaBJIeHHbId B CTOPOHy Bo3pacTaHuad 9; k—BomHoBoe uncsIo; Ry — paccrTos- 
HHe OT IWeHTpa OTBepcTHA JO TOUKH HaGwNOeHHA. | 

Jia pelieHua BTopoli 3afauH HeOOxoqMMO HaliTH Mose u3TyYeHHA 0 H3- 
‘BECTHOMY paClipeJeJIeHHIO TaHreHIMaJIbHbIX KOMMOHEHT MOJIA Ha MIOCKOCTH z = 0. 
[loa Ha NoBepxHocTH s3afjaHbl cwenyomumM o6pa30m: E; = 0 TIpH f > fo: 
Hy =H? upu r <r, (H? —none B Tom cmyyae, KOra MpoBoqamero 9kKpaH 
HeT). OTO cMellaHHad KpaeBad 3ayjaua, pellieHve ee AOBO/IbHO CJIOXKHO. Ojuako. 
BOCHOJIb3OBaBIUHCh TeM, YTO U/C<1, MbI MO>KeM CUHTATb, UTO SJIEKTPH4eCKOE 
834 | 


€ ABWKYUerocA Sapsfla CoBNayaeT C MOJIeM HeLOABHXKHOrO 3apaya, NOMe- 
HMOro B Ty Ke TOUKY, B KOTOPOM HaXOJUTCA B JaHHbIii MOMeHT JBYKYULMiCA 
it, H paBHoro eMy M0 BewMunHe. Torjla avleKTpHuecKoe Tose Ha OTBepcTHH 
<HO BHIYHCJIMTb, BOCMOMb30BaBLIMCb MeTOJOM, M3JI0xKeHHbIM B (2). 

TakuM o6pasom, Hallly 3aauy MOxHO CBeCTH K MepBOii rpaHHuHolt sayaye, 
leHHe KOTOPOH id TapMOHWYeCKUX BO BpeMeHH Noseli uMeer Buy (3) 


E,(M) =\E"(M, P, A) dS, (2) 


S 


-E,(M) — untepecytomjee Hac mone B Touke M;E”(M, P, A1) — noue, cosya- 
© 4 
Moe B TouKe MM ToueuHBIM MarHHTHbIM JMMoem c cuuot Al= Fe [En], 


IOJIO*KEHHBIM B TOUKe P Ha TloBepxHoctu S, mpH stom S cunraetca uje- 
HO MpoBoqaueH. B naulem cCulygae NObIHTerpasIbHOe BbIpParKeHHe OTIM4HO 
dyJ1A JIMUIb Ha OTBepcTHH. C yueTOM 9STOrO B BOJIHOBOH 30He (Bas OT OT- 
eTua) (2) MOxKHO NpeoOpa30BaTb K Buy 


ikR To 7 
Cm 5 s . 
2a COSO1E, (@) elXF <0: 9 sit ey do. (3) 
TT 


0 — 


E,(M) = —+8, 


Cb Y— yrOJl MexK Ay HallpaBsIeHHeM H3 WeHTpa OTBEPCTHA Ha MpOeKILHIO ToOU- 
| ™M wa nmaockocth z=0 H HanpaBleHvemM B TOUKY UHTerpupoBanus; 
|) — CleKTpaJibHan muoTHocTb Fy Ha oTBepcTuu. B cHuly akcvasbHOi cHM- 
pun E;= E,. 

)\Mcnomp3ya (2), momwyuMM CuJlefyroulee BbIpaxkeHHe via £,, Cco3qaBaemMoro 
GUHbIM CTaTHYCCKUM 3apAJIOM é), TMOMeLLeCHHbIM Ha OCH OTBEPCTHA Ha BbI- 
2 Z Haj HMM: 


re a: 
= eae aaa | mare te \/- a - ae (4) 


wT (r? + Z) Vr ts a 
r — paccTosHue TOUKU P oT WeHTpa OTBepcTHA. 

)E, — ueTuas byHkuMA Z). CreqoBaTesbHO, U3yYeHHe OTBepCTHA, KaK HM M3J1y- 
Me SapxAya, OT HallpaBeHuA ABHUKCHHA 3apxfa He 3aBHCHT 

| &y pene” () relv SaaS oo A 

P= te VR At VFR aut: 


or 
ie ae or 


r 


0 ae ~ Ve—P pa ae “i 
Vr = 


=\ V y? —— 74 el? dy) Ji (kr sin 9) dr, (6) 


r 


J, (kr sin 3) — byskuua Beccena l|-ro nopayKa. 

((6) cnpapequBo JMUlb JIA cry4ad kro<1 (ASS 2zxr0), Tak Kak MPH BbI- 
| leHHM TOMA Ha OTBePCTHH He YUHTHIBAIOCh sanasyqpiBanue. B stom cyalyuae 
J, (kr sin 3) = 1). kr sin 9. 


| Tlocne noycranosKu (6) ynpoujaercs: 


ecm = 2228 oleRe 2 ae (1 et onG, z (7) 


Cnomwus (7) u (1), mowy4HM MowHoe Mole H3yueHHA 

eypsine: eit o( ore) § 

EG) te oe er ae Re we ol 1+ ts Do. 
ia (8) culeqyer, 4TO HaJIMuHe OTBepCTHA NPHBOAMT K OCMaO/IeHHIO AMOVIB 
yacTH Mepexoguoro w3styyeHus. Bowiee BbICOKMe YaCTOTbI OCJaOeBalOT CHVJIbE 
Momnaat sHeprua, u3uyYeHHaA TOUCHHBIM 3apALOM B cilyuae nepexowHOrO M8 
YeHHA Ha HJeasIbHO MIpOBOAALeH MVJIOCK 
TH, paBHa oo. OtTBepcTHe B 9KpaHe I 
BOJMT K TOMY, UTO CIeKTp H3Jly4eHHA OF 
HHUMBaeTCA CO CTOPOHbI BbICOKHX 4aCT 
3a CUeT 9TOFO NOJIHaA H3JIyYeHHad SHep 
KOHeUHA. | 
CnekTpaJibHad IJIOTHOCTb H3J1y4eHl 
3HeprHu MponopunonasbHa E?(w). OTHOI 
HH€ CMe€KTpaJIbHOM TJIOTHOCTH SHeEprHH, 
JIYYeHHOH B OHO MOJOBHHE TIpOCTpaHcT 
K CI€KTpaJIbHOH TJIOTHOCTH SHeprHH Me 
Le XOJHOFO H3JIyYeHHA paBHoO | 


ae (2) —[eeem( 2. 


Stra (pyHKWMA H30OpaxKeHa Ha puc. 2. 

CnekTpaJibHad MVIOTHOCTh H3JIyYeHHOH SHeEprHH yMeHblWaeTcA BABOe M10 P 
HeHHIO C TepeXOJHBIM H3JyyeHHeM pH @fo/v=—1,07. Ecum v/c= 
(Vycxk = 3 KB) H paguyc orBepcTun 0,5 MM, TO STO COOTBETCTByeT \ = au 
STO 3HaYHT, YTO, MpONycKaAt CKBO3b 39TO OTBeEpCTHe TrapMOHHYeCKylO BOIIHY 7 
aMIMTyAbI 10 Ma, MO2xXHO NOJIYYHTb MOLLHOCTh H3syueHuA 12 pBr. 


9) 


MockosckHi rocyapCcTBeHHEIH yHHBepCHTeT Tocry nue | 
um. M. B. Jlomonocosa 6 Ili 1958 | 


WHTHPOBAHHAA JIMTEPATYPA 


+B. Jl. Puusoypr, WH. M. Opauk, DKST ®, 16, B.1, 15(1946). 2 PA. Pp 
6epr, H36panHple Bompocbl MaTeMaTHYeCKOH TeOPHH SVIeEKTPHUCCKHX H MaPHATHBIX a 
M.— JI., 1948. % 9. H. ®eab7, Ocnosb Teopuu wenesbrx antenn, M., 1948. 


Jloxraage Akaygemun nayr CCCP 
1958. Tom 123, N 4 


PHZHKA 


JI. Tr. BOJIXOBMTHHOB u I. ©. MOXHJ 
MMMCJIEHHE HYWDKHETO TIPEXEJIA KPHMBOM YACTOCTH B3PbIBA 


(ITpedcmaeaeno axademuxom B. H. Koxdpambeesim 7 VII 1958) 


DcoOeHHOcTbh s060ro KOMpOBOrO UCHBITaHHA MPH UW3yYYeHHH YYBCTBUTEb- 
‘A BB K yJlapy COCTOHT B TOM, UTOB pe3yJIbTATe OMbITOB MbI NOJyyaeM TAK 
IBaeMy!0 KPHByt!0 YacTOCTH B3pbIBOB. Kak 9KCNePHMeHTAaJIbHO, TaK H pac- 
‘bIM TyTeM (') ObIIO NOKa3aHO, YTO XOTH pa3Mep HayasbHOrO Ouara pa3- 
eHUA (KOTOPbIH MOXKET BO3HHKHYTb NO Pa3JIMYHbIM MPHYHHaM) H BeHK B 
PKYJIAPHbIX MaclTa6ax, OHAKO OYe€Hb MaJI MO CpaBHeHHIO C pa3mMepaMH 
HaBecKH, momBeprivelica yapy. OKCMepHMeHTAaJIbHO JOKa3aHO, 4TO MH- 
WJIbHbIA PasMep TOpAYeH TOUKH, AOCTATOUHbIM Jit MHMILMMPOBaHHA B3pbiBa, 
iH 10°®cm. 

Ipennomaraa, Kak 93To enaer H. A. XomesBo, uTo pa30rpeB BelllecTBa 
IOBJICH MlacTHYeCKOH MepopMallveH BB, MpoBeweM pacueT HH>KHEerO mpe- 
} KPHBOHM YaCTOCTH B3PbIBOB Aid OMHOFO KOHKPeTHOrO CulLyYad — A HCMBI- 
i B WITeMNe/IbHOM npHOopyuKe, mpeqoxweHHoM H. A. XovieBo, B KOTOPOM 
PleCTBJIseTCA CBOOOAHOe TeyeHHe BellecTBa. IIpeqnomo%KHM, YTO B3pbIB 
ICXOMMT B Hayasle coyflapeHua, Korga epopMallWA HaBeCKH HeBeJIHKa. 
( coriacyeTca Cc TEM OMbITHBIM (pPaKkTOM, YTO BPeMA OT HavaJla yapa JO B3pbi- 
jaBHo 60—100 pcek mp o6ulem BpemeHu yapa oKo0 500 pceK.) 

IpuH QoctaTouHO OovIblWOH Macce rpy3a MbI MO>KeM MpeHeOpeyb H3MCHEHHEM 
)HEPrHH MpH LepopMalluu BeulecTBa Ha HavaJIbHOH CTaqMM yapa H MOKeM 
|aTb, TO CKOpOcTb rpy3a mocTosHHa. 

MplucHM pasorpeB OObeMa BellecTBa pa3smepom /3, nogBeprumeroca Zepop- 
iu. J|a 9Toro peliMM ypaBHeHHe 


i (Ter (1) 


3 
co —- ai 


,;k—xosppuuuwenT Tensonepeqauu, Cc—TemlMoemMKocTb BenlecTBa, p — ero 
iWocTb, Q — TeMJOBbIqeIeHHe 3a CueT BHeIIHeH paOoTH. HayambHbIM yCJio- 
| 6yger: mpu t= 0 T=Thy). PaguambHad cKopocTh TeuyeHHA BelLecTBa 


0, = —2@—h), 

4— CKOpOCTb BepxHero polMKa, h — TOMULMHa HaBecKH, Z HM Fr — KOOPAMHATHI 
pet (B WHJIMHApHyecKOH CHCTeMe KOOPpAMHaT, HatialIO KOTOPOH CoBMasaeT Cc 
00M HM>KHEerO pOJIMKa). 

qld mpvOmH-KeHHOrO MOfC4eTa TeNVJIOBbINeJICHHA B @MHHILY BPeMeHH B 93VIe- 
j2 oOObema JOCTaTOUHO OrpaHHuHTpcaA KOMMOHeHTON Ou, /Oz. Torga TenoBbI- 


ave B pacCMaTpHBaeMOM OObeMe 3a eJHHHILy BpeMeHH 


Q = (Gr) (a — 22)2. 
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BemeycTBve TpesmoorKeHHA, YTO CKOPOCTh rpy3a HU TOJIMIMHAa CJIOA T0¢ 
AHHbI, TeMJIOBbIeIeHHe Tak2Ke TOCTOAHHO, H ypaBHeHHe (1) jaeT 


Ri? 
T=To a1 —exp Grae 


WIM, MOACTaBJIAA 3HaueHue Q u 3amMenaa ¢ Ha 6/u (rage 6 — Ae=opmauua 
BeCKH J[O B3PbIBa): 


Ree ee (1-2-2) [1 — exp (— —r)): 


PagJlarat SKCMOHEHTY B PA M OrpaHHYMBaxch MepBbIM WIeHOM, TOJyUHN 


ys IR%*Bu o mae | 
sea i damier ye (—2 5 | 


Tak KaK TeIJIOBbIJeeHve HaH6oulee MHTCHCHBHO TIpOHCXOAUT Ha Nepud 
AesopMupyeMoi HaBecCKH, BOJIM3H TIOBepXHOCTH pOJIHKOB, TO, Nouarad T = 
r=Ruz=0, nosyuuMm BblpaxkenHe JJId MHHHMaJIbHOM CKOpocTH rpy3a, 
KOTOPOH BePOXTHOCTh B3PbIBa CTAaHOBHTCA OTJIMYHOH OT HYVJIA: 


Puyestb u PoOeptcoH mogxcunTasM JIA HeKOTOpbIX BeLLeCTB KPHTHYeC 
TemMepaTypy HavaJIbHBIX O4aPOB pasorpeBa pa3JIMUHbIX pasmepoB. Ilo ux aki 
KpHTHuecKad TemMepatypa o4ara pasMepom 10° cM in T9Ha, Tekcorell 
TeTpHJia paBHa cooTBeTcTBeHHO 835; 895 u 1085° K (2). | 

Tloqctapnaa B (5) SHaYeHHA BeMUMH JIA CTaHJapTHbIX POJIMKOB UH HEE 
poro rHMOTeTHYeCKOrO BB, OJIH3KOrO NO CBOMCTBaM K TeTpHy: C = 0,3 Kan /T> Fi 
Genie Ch. aad a= 0,05 cm, R=0;5 cm, 6=0,02. cm, . Types 
Txp = 1085°K (terpua npu /=107° cm), y= 5-107 r/cm-cex, . 
Uxp = 10 cM/cek, 4TO COOTBeTCTBYeT BbICOTe NayeHHA Tpy3a MpHMepHO 5 
SHayeHHe BeJIMUHHbI KOSdppuIHeHTa BA3KOCTH B3ATO NpHOJM3HTeIbHO pa 
KOapPHIHeHTY BASKOCTH TaKHX OpraHWyecKHX COeAMHEHHH, KaK TVIIOKO3a. 
MT. ., BOWH3H HX ToOUeK IviaBeHHA. [lonyueHHad BesIMYHHa HHKHEFO Tipe, 
KPHBOH YaCTOTbI XOPOWIO corjiacyeTCA C MHOFOYMCJICHHBIMH SKCIIeEpHMeHTaJIBe 
JAHHBIMH JIA TaKHX BelUleCTB, Kak T9H, FreKcOreH HM TeTPHJ. 


VWUxcrutyt xumuyeckol du3suku Tlocry nus 
Akajlemun Hayk CCCP 5 VII 1958 


UHTHPOBAHHAS JIUTEPATYPA 


1®.P, boy me Ee A. I. Vo & e, Bo3s6yxyenne u pasBuTHe B3PbIBa B TBEPABIX H 
KHx BemecTBax, HJI, 1955. 
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Joxrnxaye Akaygemun nayx CCCP 
1958. Tom 123, Ni 4 


PH3SBHKA 


YH. M. BPOHUITEHH u P. B. CEPAJIb 


NPOBEr MEJJIEHHbBIX BTOPHUHbIX IJIEKTPOHOB B METAJIWJIE 
H POJIb HEYMPYLFO OTPA)KEHHbIX IJIEKTPOHOB BO BTOPHYUHOK 
3JIEKTPOHHOM IMUCCHH 


(ITpedcmasaeno akademuxom A. ®. Hoge 21 VII 1958) 


1. [lpnOumkeHHo MOoKHO CUHTaTb, YTO CNEKTP BTOPHYHbIX 3ICKTPOHOB Co- 
“TOUT H3 MeJVICHHbIX BTOPHUHbIX C SHEpruAmu O + 50 5B uM Heynpyro MH ynpyro 
)TPAXKeHHbIX NMEPBHYHBIX, NPHYeM JOA yMpyro OTpaxkeHHbIX MPH SHeEprHuax. 
TepBuyHbIX Fy > 100 9B cocTaBJIAeT JIMUIb HeCKOJIbKO NpoweHToOB. KosdxpHunent 
IOJHOH BTOpHYHOH SMHCCHH o =d-+y, rye 8 H y — COOTBETCTBEHHO KOatpbu- 
Me€HTbI S9MHCCHH MeMVICHHBIX BTOPHUYHbIX (B YNCIe KOTOPHIX ~70% O6sayatoT 
sHeprHaMu E,<10 9B) M ObicTpbIX Heympyro MH yNpyro OTPaxKeHHBIX 3JIEKTPOHOB. 
CymecTByroujve TEOPHH BTOpHuHOH SMUCCcHH (!) OODIMHO He yUHTHIBAIOT po- 
1M Heympyro OTpaxkeHHbIX H PaCCeAHHbIX NM€PBHUHbIX BICKTPOHOB B CO3aHHH. 
€JICHHBIX BTOPHUHbIX H CUHTAIOT, YTO BCE MCJVJICHHbIE BTOPHYHbIe BJIEKTPOHb!. 
bIOHBaIOTCA H3 MHWeHH MePBHYHbIMH MPH UX JBWKeHHH BIvyOb BeuUlecTBa. 
PH 9TOM, CCIM OOO3HAYHTb JWIMHY mpoOera MeJWICHHbIX BTOPHUHbIX he, a mep- 
WUHBIX /, TONONyuaeTca, YTO pH MawbIX Ep l< de, a npn Gompmux | > da, 
puuem / he COOTBETCTBYCT Smax,T. €. TIYOHHA «30HbI BbIXOJa» BTOPHUHBIX. 
WIEKTPOHOB A2 MpHMepHO paBHa JWIMHeE NpoOera NMepBHUHbIX C SHEPrHAMH. 
Zp~300-- 800 2B. 

JI. H. Jlo6penos u T. JI. Mauxesuu (?) yKasanu, 4To cyllecTBeHHas yacTb. 
[@JJICHHbIX BTOPHUHbIX JJIEKTPOHOB (B OTJeJIbHBIX CIlyuanx WO 50%) MO*KeT GbITB. 
63aHa CBOHM MpOvCXOxKeHHeM Heylpyro oTpaxkeHHbIM. Sajayeli HacTosuel pa- 
\OTbI ABJISETCH SKCIEPHMeHTAJIbBHOe BbIACHeHHe POJIH 7% B CO3QaHHH Me/\JICHHBIX. 
TOPHYHBIX (5), a TaK2%KEe OLeHKa JVIMHbI WpoOera hy, T. €. TIYOWHbI «30HbI BbI- 
ofa» M@JJIEHHbIX BTOPHUHbIX 9JICEKTPOHOB. 

2. Vismepenua mpon3Boqusincb B MpHOope Tuma cdepHyecKoro KOHeHCaTOpa. 
| aHTHAMHAaTpOHHON ceTKoH. [lia onpeqeseHHA 1 Ha ceTKY oOaBaJicsh OTpHtla- 
[eJIbHbIi OTHOCHTeILHO MuWeHH noTeHuHat —5O B. B Bakyyme nopsyKa 
}-10°§--1077 Top Ha MMWeHb C NOCTOAHHOM MpeBapHTeJIbHO OTTpasyHpOBaHHor 
(KOPOCTbIO NOCJIEAOBAaTEJILHO HaMblIAJMCb TOHKME CJIOM pa3HbIX MeTasi0B. M3me- 
leHuA «Oo )«6©M CO «(THX §=6TOHKHX CJIOCB ~NPOHSBOJMIMCb B MHTepBaie 3SHeprHit 
Ep = 0,1--3,6 Kop. 
| 3. Kosdcunuerthl o 4H 7 vin Be B HeCKOJbKO pa3 MeHbIe 9THX KE BEJIH- 
iu y Pt, Ag u Bi. Hosromy np uanpiiennu Pt, Ag u Bi na Oepnsunesyio: 
LOWNOKKY €@ MOXHO MpHOIM2KeHHO CYHTATb “HY JIeBOH». C H3MeHEHHEM TOJILLMHb! 
joa upu E, = const, Koadpunventpr 6 Hu y pacryT OfHOBpemeHHO. Ha puc. | 
(puBeeHbI 3aBHCHMOCTH 6 (7) Ip HaMblwieHHH TOHKUX MvieHoK Bi u Ag Ha 6e- 
lusluIMeBylo oqowKKy Hu Be—na muaTuHopyio. Temnepatypa mofvioxKKu 
+= — 180°. Buguo, 470 Jia MadbIx sHepruh (E,= 600 9B) 9TH 3aBHCHMOCTH 
peAcTaBMAIOTCA OHO MpsmoH, a QA Oonpumx (Ep, = 3600 3B) — nomanon 
-wHueli, cocrosmei H3 JByx NpAMOsHHeliHbIxX yuacTKoB. C Bospactannem E, or 
(00 no 3600 28 mpampie /, 38, 5 mocTemeHHO MNMepexOAAT B JIOMaHble JIMHHU 
£ 4, 7 COOTBeETCTBEHHO, TIpHueM H3JIOM QJIA KaxKOrO MeTadia HacTyMaeT Bcerja 
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‘Ha OJHOH MW Tow xe TonuMHe. Ja NpAMepa mpHBeseHa OHA NpoMerkyTOUHas 
“KpHBaad 6. 

ina E, =const mpeqembHble 5 HM y, COOTBETCTBYIOU[He MACCHBHOMY CJIOK 
‘HamblIAeMOrO MeTaslia, JOCTHraoTCA OAHOBpe MeHHO, IIpH OHOH HM TOM %*e TOM: 
mune cuion d. 

KayecTBeHHoe OObxACHeHHe MIpHBeeHHbIX Ha puc. 1 3aBHcHMOCTeH (7) as 
aleHoK Bi u Ag MoxeT 3akl0¥aTbCd B Culeqyroulem. ByemM cuHTaTb, YTO Cyule- 
CTBeHHad uacTb 6 o6ycuoBeHa 1. Torga c pocTOM TOJIM[MHbI MIeHKH d, M0Ke 
d<h,, 6 Bo3pacTaeT 3a cueT yBemMueHHA: 1) KOM4eCTBa MeJVJICHHbIX BTOPH4- 
\HBIX 3JICKTPOHOB, OOpa30BaHHbIX HelocpeqCTBeHHO MepBHYHbIM; 2) KOJIHYeCTBA 
Heylpyro pacCeAHHbIX HM Heylipyro OTpaxkeH- 
HbIX 3JIEKTPOHOB (4) H 3) «apiPeKTHBHOC- 
TH» KaxkOro Heynmpyro paccesHHOrO 93VIeK- 
TpoHa, KOTOpasd mponopuyHoHabHa d. IIpp 
JlaJIbHEHINeM POCTe TOJILLHHbI MJIeEHKH (d > dg) 
CKa3bIBaeTCA JIHUWIb BTOpOH cbakTOp, T. e. 
pOCT KOJIHYeCTBa 9JICKTPOHOB, Hempyro pac- 
C@HHHbIX Ha TOJIMIMHaX d > he, MpHYeM HX 
«aqpPeKTHBHOCTh» B 30HeE Ay (npH Ep= 
= const) MeHAeTCA HESHAYHTeJIbHO. SICHO, UTC 
mph d<(h, 3aBMcHMocTb 6 oT 4 OIKHE 
ObITb Ooslee peskas, ¥emM Mp d > dy. Yuacr- 
KH @ JIMHMH 2 uM 4 COOTBETCTBYIOT TOJLUIH- 
HaM d < Ag, yuacTKH 6b — TONLIMHAaM d > dg. 
a TOUKH H3JIOMa COOTBETCTBYIOT d = hg call 
Bi d=),~7 aTOMHBIX cyoeB, ua Ag 
d =, & 20 aTomubix cJioeB). IIpampie /, 
He HMeIOT 3aMeTHOrO H3J1I0Ma, HOO 3eCcb BCs 
BTOPH4HaA SMHCCHA (MH 6, H Y) B OCHOBHOS 
HeT H3 3O0HbI Ag: Ha TOJIMIMHE d = A, ycTal 
HaBJIMBaeTCA 9, cooTBeTCTByIoOWlad E>, 
= 600 98. Hakson yuactKa 0 xapakTepm} 
Of Pa 03 04 3yeT «9(PeKTHBHOCTb»y PpaCCeAHHbIX 3JICKT 

7—+ POHOB B OOpasOBaHHH MejVICHHbIX BTOPHUHbI 


B 30He d~hg. C poctom Ep, sToT Hakuics 
‘Puc, 1. Caa3b Mexay Su y WA TOHKUX yMeHbiaerTcs. 


Bi 1912), Agatdiad : 
Be (5, é Me ga E nee oe Re ) ide 4. Xo Kpuppix 5, 6, 7 Ana naenoK Bs 


3600 9B; 3—600 5B; 4—3600 9p; Ha MaTHHOBO NOANOxKKe OODsACHAeTCH Cues 
5 — 400 3B; 6 —1200 98,7 — 3600 58. AYOWlMM OOpa30m. Pt o6anaer BbICOKMM 
CrpeikaMM ykKa3aHO HallpaBJleHHe Bospa- KOS(PpHUHeHTaMH 6 H %, TMpHueM cneKr} 
aban ae ae ad la he ta Heyipyro OTpaxKeHHbIX 9JICEKTPOHOB HMeet 
MaKCHuMyM B oOslacTH E, = 0,9 Ep (8). Ta 

KHM 06pa30M, MJlaTHHOBy!O MOQIO%KKY MOMKHO CUHTATb Kak Obl «3epKaJIOMy 
[IpH HamblieHHH TOHKHX mMylIeHoK Be (d<{},) MpowcXOAHT B OCHOBHOM NOrJIC 
UleHHe TpyMMbl MeVJIEHHbIX 93/IEKTPOHOB, HCxXOAsmuX u3 Pt, mpu HeGoMbILIO) 
u3MeHeHnu 7. IIpu tommMHax d>>d,, KOra Me)VICHHBIe 3JIEKTPOHbI, UCxXoy i 
ujve u3 Pt, ye NOJHOCTbIO NMOrioueHb! SepHHeBOH MJIeHKOH, Mpoucxogy 
cnagq 6 3a cueT YMeHbIeHHA y. TomtWHa, COOTBeTCTBYIOIad TOUKe 43,10 | 
Ha JIMHHM 7 (a Tak>Ke 6), H eCTb yen ipoOer'a MeJ\JICHHbIX 3JIEKTPOHOB B PY 
(T. €, «30Ha BbIXOJa» UX 3 Be), d = dy = 12 aTomHbIx cnoeB. Haknon yuacT d 
6 c poctom E, ymeubilaetca. 
5. Jia onpeyesmenHA JIMHbI mpoOera Me] JIeEHHBIX BTOPHYHBIX 9JIEKTPOHG 
MO?KHO BOCMOJIb30BaTbCH TaK2Ke «SKBHBANeHTHOM» MOsMOXKKOU, T. e€. Mo_o6pat 
nmapy COM — MoqviowKKa Tak, Y4TOOb! y HHX Obl OMHAKOBbIe 7] H pasHbie 
Tako mapo sBJIseTca, Hampumep, mapa Bi u Pt. 
Tak KaK MpH HanbWIeHHH Ha «9KBABAJICHTHYIO» MOMNOKKY Y He MeHseTC! 

TO KOIPPHILMeCHT ¢ MUKET H3MCHATKCHA JIMUIb 3a CUeT H3MeHeHHA: 1) «adbeKTH! 
HOCTH» Me€pBHYHbIX H HeMpyro OTPaxKeHHbIX SJICKTPOHOB Y B 30HE A, HM 2) LWIMpHH 
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MOH 3OHbI }2. Takum o6pa30m, KosqdxpHlivenT o JOJDKeH yCTaHaBJIMBaTECA Ha 
pUMMHe d ~ do. 

_ Ha puc. 2 npapegens: 3apucumocrn o(E,) npa HanbiieHuu Bi Ha maaTnuo- 
70 T10A0%KKy (TemMMeparypa MNofowKu ¢ = — 180°), a wa puc. 3 —anauo- 


0 600 1600 2600 3G 


Puc. 2. Kpuppie 3anucumoctu o (E p) UpH Hamblen Bi 


Ha IaTHHOBYy!Io Mo_mowKy. 1 — uucraa Pt; 2 —d= 2,5 
ATOMHBIX cI0eB; 8a—d =7,0, 36 —d = 12,5 


MHbIe 3aBMCHMOCTH JIA MICHOK [JlaTHHb! Ha OMCMYTOBOM MoAoxKKe (TeMMe- 
ypa noqviowKu ¢t = 50°). Buguo, uro Bce KpHBbIe CMellaloTcaA MapaJiesbHO 
HOCTHTaloT MpepesbHOrO 3HaYeHHA 9,, OHOBpeMeHHO ia Bcex E, yxKe mp 


a) 
So 


—~ SSH AGT GQ, 


x 
x 
| ath 


06 Se a 


peewee 5 oe eee 
A) 600 1600 4400 3G 
Si koremnt 
Puc. 3. Kpuppie 3aBucumoctu o (B p IIpH HanblJieHun 


Pt wa BucmMyTOByIO mofoxKy. 1 — uucthit Bi; 

9—d=—1,1 arTomHpix canoes; 8—d=2,2; 4— 

d=3,3; 5'—d=5,0; 6—d=7,1; %—d—10; 
&—d=11 


mune d = hy = 7,5”aTOMHBIX Cyl0eB Bi, a o,,— pu d=, = 10 aromupix 
oes Pt. IIpu sTom eso 3fecb He B ToM, uTO Ac = o,,—a,, (1,55—1,07 = 
0,48 npn E, = 3000 98) orHocuTembHO HeBemuKa (4), HOO Mpu HallbivieHHn 
[| Ha OepHJIMeBy!O MOAOKKy NoHayoOusacb TommMHa clon Pt d~ 150 atom- 
IX Cl0eB, UTOObI usMeHHTb o oT 1,05 yo 1,5 npa E, = 3000 sn. 


JIAH, Tt. 123, Nd 4 461 


TakuM oO6pa30M, MeTOJbI «SKBMBaJICEHTHOM» M «HYJIeBOM» TMOIOwKeK ati 
usa Bi ofuHakoBble 3HaueHHA dg. 

Ilpupegennpie guia Bi, Pt, Ag u Be s3HayennaA A, NopayKxa 10 aToMHbIX 
CJIO€B, BO3MO2KHO, BCe Ke 3aBbILIeHbI BCJIEACTBHe HeJOCTATOUHOM CIIVJIOWIHOCTH & 
OMHOPOAHOCTH CTOJIb TOHKYX CJIOeB, MOJIYYeHHbIX Jae upu t = — 180°. 

6. M3 nosyu4eHHbIX SKCNE€PHMCHTaJIbHBIX JaHHbIX, YaCTHYHO U3JIOKeHHBIX 
B J[aHHOM cTaTbe, CJle-yeT, STO MeXaHH3M BTOPHYHOH 9JIeKTPOHHOM 3SMUCCHE 
MOXKHO IpefCTaBIATb culIeqyiouluM O6pa3om. IJepBu4HbI 3JIeKTPpOH, BPbIBasxCk 
B MeTAaJIJI, HeMOCpeACTBEHHO CO34aeT HeOoOsIbIIOe KOJIMYCCTBO BTOPHUHBIX. [ury- 
OHHa MPOHHKHOBeHHA TepBUYHbIX / BO MHOFO pa3 OOJIbIe 3OHbI BbIXOJa BTOPH4- 
HbIX A. Hanpumep, qa Ep, = 3000 9B /ge 1000 atomnbix cuoeB, lpi F 
37200 aromupix cioes. Ilo Mepe mpoXBuxKeHHA NepBHUHbIX SVJIEKTPOHOB B TvIyOr 
MeTaJJia BO3HHKaeT BCe OOJIbILee KOJIHYECTBO HEYMpyro PaCCeAHHBIX 9JIEKTPOHOB, 
YaCTb KOTOpbIX (7) BbIXOZHT Hapyxy. MejvienHble BTOPHUHbIe 9JIEKTPOHBI 
(E, < 10-15 98) BpixogaT 43 TOHKOTO MpHMOBepXHOCTHOTO CJIOA dy MOpAyKa 
10 aTOMHBIX CjIOeB H eHepHpyIOTCA B OCHOBHOM Heylpyro paccesHHbIMH 3JIeKTPO- 
HaMH, T. €. MO CYIIeCTBY ABJIAIOTCH «TPeTHUHBIMUy. 


Jlenunrpayckuli rocyapcTBeHHEIi Tloctynua0 
neqaroruyeckuli HHCTATYT 17 VII 1958 


IMTHPOBAHHASA JIMTEPATYPA 


1 J]. H. Lo6peuos, Mss. AH CCCP, cep. hus., 20, Ne 9 (1956); J. L.H. Jonker, 
Phil. Res. Rep., 7, 1 (1952); A. J. Dekker, Physica, 21, 29 (1955); Phys. Rev.; 94, 1178 
(1954); [. Bptwuuuur, OusuKa u NPHMeHeHHe BTOPHUHON 2TeEKTPOHHOH SmuccuH, 1958, 
erp. 80. ) 2 JI. 9H. Too penon, TW. Mam Kem a5 SK0O. 9270034 o ome 
3 E. J. Stier ng lass, Phys. Rev.,.95,. 345. (1954). ih WTB. Kage mes ni 
DKOTO®, 15, 651 (1945). | 
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OULEM TPaeKTOPHIO 3JICKTPOH- 


‘“IMX HeYeTHBIX NOJynepHoOoB 
| pawvasIbHbIX KONeOaHHH 97a CH- 


Jloxnxagn Akagewmun nayrx CCCP 
1958. Tom 123, Ni 4 


PH3ZHKA 


Akxayemuk AH YCCP A. Il. KOMAP u W. C. KOPOBOUKO 


O JIBYX TIPOLLECCAX, CHOCOBCTBYFOLUINX 3AXBATY 93JIEKTPOHOB 


B BETATPOHHbIM PEXKHM YCKOPEHHA 


Pa3HbIMH aBTOPaMH TIpe]VIOXHKEHO HECKOJIBKO Me€XA@HH3MOB 3aXBaTa 3JIEKTPO- 


t 1-4 
HOB B Oerarpoue ((**) u jp.). Caeqyer, mo namemy MHeHHIO, OOpaTuTb BHUMaHHe 
elle Ha ABa oPpeKtTa, KOTOpble MOTYT BeCbMa 3HaUHTCJIbHO H3MCHSATb AMIWINTY AB 


PaNaJIbHbIX KOJeCOaHHH 931eK- 
TPOHOB, cnocoOcTByA 3aXxBaTy 
HEKOTOPOH HX vaCTH. 

Ileppnm addbext nstocrpu- 
pyetca Ha puce. 1, “u300paxKa- 


Mnekekimop Hapyknaa cmenka kamepel 


HOrO y4Ka B KaMepe Ha Ipo- a 
TAKEHHU OJHOTO mepHoka pa- 
WHaJIbHbIX KONeOaHHH. Heobxo- 
WMMbIe MOACHeHHA aHbI B 
NOAMMCH K PHCyHKy. 

OueBu HO, YTO Ha DJIEKTPOH, 
MHKEKTHPYeMbIN 10 HalpaBuie- Guympennas cmerka kamepo! 


HHIO K Hapy2KHOH CTeHKe Ka- 

AIO YINNHOA, NOPTDA  eenetspouiin, cell gncutpantord” mynd WOME 
cb 7 Oo nyuKa; Hi 

exTopuu b, Oy eT AEHCTBOBATb =e _ tpaexTopuu, CooTBeTcTBylomNe rpaHutam my4Ka 

CHJIa CO CTOPOHbI OCTABINCHCH aneKTpoHoB; fo’/H fo’— CMeLCHHbIe MIHOBCHHEIe Op- 

yacTu myuka. Ha npotaxeHuu out; F, — F, — mpeqnouoxkuTeibHan KpuBaA deK- 


nepBoro, a Takxke mocweLy1o- TPHUCCKOM CHVJIbI, JeHCTBYyIOWaA Ha 9JIEKTPOHBI, ‘BbIVIC- 
TalOUlNe H3 HHXKEKTOPa Mo Tpaektopuu 


ua Oyler JleHCTBOBaTb 10 HalpaBJIeHHIO K HapyXHOH CTCHKe KaMePbI; Ha NPOTs- 
XKCHHH BTOPOFO, a TakKXKe MOCMENLYIOUIMX UYeTHbIX NOJyNepHOAOB — K BHYTPeH- 
Heli. CooTBeTCTBeHHO 3d(eCKTHBHAA MIHOBeCHHaA OpPOUuTa [VIA HeYeTHBIX NOJY- 
nepHosos Oyzer cmelleHa MO HampaBJIeHHIO K HapyxKHOH CTeHKe KaMepbl, AIA 
YeTHBIX — MO HalipaBsIeHHIO K BHYTpeHHel (puc. 1). Takum o6pa30m, MrHOBeH- 


Has OpOuTa, OKOJO KOTOPOM MpOucXOLAT padMabuble KoNeOaHHA, OyeT UMeTb 
BU, WepHosuyeckoH KPHBOH Cc NepHOJOM, PaBHbIM NepHOAy pauaJIbHbIX KOJIe- 
—6anHHi. B sTHX yCJIOBHAX TPaCKTOPHA DICKTPOHA UCKa3HTCA, KaK MOKa3aHO Ha 


pucyHKe (tpaextopusa 0’). Vabmu cnoBpamu, aMiuiuTyqa paquasibHbix Kovle0a- 
HH 2JIeKTPOHa, MCIyCKaeMOTo NO HalpaBJIeHHIO K Hapy2XHOH CT€HKe KaMePbI, 


| Oy Wet MOHOTOHHO YMCHbIUATECH. 


JlerKo yOeXUTbCA, MPOBEMA aHaJIOrMYHOe PaccyKeHHe, UTO MIA SIeKTPOHA, 
ucilyCKaeMoro MO HallpaBJIeHHIO K BHYTpeHHel cTeHKe, OyeT HMeTb MeCTO 
MOHOTOHHOe BO3pacTaHHe aMMuTyAbI. [py6aa OlenHka OTHOCHTCJIbHOTO H3Me- 
HCHHA AMIVIHTYIbI 3a OHH OOOPOT SIEKTPOHA B KaMepe IPHBOAUT K pesyJIbTaTy 


A*r SoA 
np CREO, Sn } 
Rivedaeae awe ® 


rye Ar, — HavalbHad aMMIMTya, NPHHATAA HAMM PaBHOH TNOVJIyMMpHHe Ka- 
MepbI; ¢=/qy// np —OTHOWeHHE TOKa B MyuKe K MpeebHOMy TOKY; p—lIMpHHa 
5* 643 


nyuka B pagquaibHOM HanpaBseHuu; Ap — paccTosHHe OT paccMaTpHBaemoro 
QJIEKTpOHa JO OCH My4Ka (Be MOCMEAHHe BeMUHHbI COOTBETCTBYIOT MECTy MYy'- 
HOCTH 9JIEKTPOHHOTO my4Ka). 

Tax a=0,05, Arj=3 cm, Ap=p=1 cm nonyyum A?r/ Ary= 0,28. 
Tak Kak 9JI€KTPOH, HHKeKTUpyeMbIt B Kamepy, upH H = const AemaeT B cped- 
Hem 20 4—5 o6opotos (*), YMeHbIIeHHe aMMVJINTYbl MOXKET ObITb BECbMa 3Ha- 
YHTEJIbHBIM. 

C Touku 3peHua omucaHHOro adekta OlarOMpHATHbIe YCOBHA WIA 3axBaTa 
MMCIOT MECTO JIA 3JIEKTPOHOB, WCIyCKaeMbIX HHXKeCKTOPOM IO HalpaBJIeHHtO 
K HapyKHOM CTe€HKe KaMeppbI. 

Hapsly c paccMOTpeHHbIM BbIMe 2=PeKTOM B3aHMOJeHCTBUA IJICEKTPOHOB 
B Ipeselax mydKa, NOJOKHO HM€Tb MeCTO TaKXKe B3aHMOJEHCTBHE Mex*Ky Nyy- 
KaMH, COBepIIaIOlIMMH TOCcJesoBaTebHbIe OOopoTE. Ha sTo B3aMMOJeCTBHe 
ykKa3biBaslocb B padore (°). Mcxoyqa u3 aka, YTO 9JICEKTPOHbI B CpeHEM JeJ1aloT 
B KaMepe 3HauHTeIbHOe UHCO OGOpoToR (*), MOXKHO NOJlaraTb, YTO MyYOK coxpa- 
HAeT JIEHTOOOpasHyl0 (OpMY Ha MpOTAKeHH pxAjla OOopoToB. B sTux ycOBUAX 
Ha SJICKTPOH OyeT WeHCTBOBATb CHJIa, MCHAIOMAACA BO BPCMeHH BeCbMa CJIOK- 
HbIM OOPa30M HM MpHBOAALad Kak K yBeJIHYeHHIO, TaK HM K YMeCHbIIIeCHHIO aMIVJIH- 
TYMbI PpauaJbHbIxX KOJIeOaHHH. 


Ecau mpHHaTb, TO B KaMepe OJHOBpemeHHO cymlecTByioT NV BUTKOB TOKa, 


rye N — cpequee suc0 O6OpOTOB dJIeEKTpOHa, TO rpyOasd OMeHKa OTHOCHTEIb- 
HOrO H3M€HE€HHA AaMMINTYAbI MPMBOAMT K pesyJIbTaTy: 


A?r == j= 
i = 4nka VY 2(N —1)V1I—n, (2) 


rye k — Hekotopoe adctbekTHBHOe UHNCJIO OOOPOTOB, Ha MpOTsHxXeHHH KOTOPOTLO | 


JIeHCTBYe€T YKa3aHHaA cua. 


Tipunan A2r/ Ar, =0,28, N=5, a =0,05 uw n=0,67, nonyaum & =0,27m 


ITOT pesyIbTaT O3HaYaeT, YTO JIA CYULCCTBCHHOTO H3MCHEHHA aMIIJIHTY pa- 


JMaIbHBIX KoOsleOaHHH 3IeKTPOHa JOCTATOUHO CYUIECTBOBaHHA pes8KOH HeOd-— 
HOpOJHOCTH B pacmpeseseHHu OOBeEMHOTO 3apsya Ha MpoTaxeHHH ~O0,3 O60-— 


pota 9eKTpoHa, T. e. ~120°. Takum o6pa3o0m, nepBpii adipeKT cBOAUTCA K 
MOHOTOHHOMY H3MCHeEHHIO aMIMVIHTYA pafWaJIbHbIX KOIeOaHHH 93JICKTPOHOB, 
MWKEKTHPYEMBIX NO HampaBJIeHHIO K HapyKHOM CTCHKe KaMepbi, 3a CUeT 
B3aMMOJleHCTBUA, HMEIOWeErO MeCTO B lipeseaxX WyykKa, a BTOpoH adpeKT — 


K PpacceAHHIO 3JIEKTPOHOB Ha HeOHOPOAHOCTAX B pacnpeleeHuu OObeMHOFO- 
3apafla, BOSHMKalolulMX 3a CueT TOFO, YTO MYYOK coxpaHAeT MpHOH2KeHHO— 


JleHTOOOpasHy!O CTPyKTYPpy Ha MpOTAKeHHH psa OGOPOTOR. 


Tlocry muso 
1 VIII 1958 


UWMTHPOBAHHAS JIMTEPATYPA 


1D. Kerst, Rev. Sci. Instr., 21, 462 (1951). 2S. E. Barden, Proc. Phys. Soc 
4, B, 85 (1951). 2 Bay He ory HOR, C. C.Cemenos, K9T®, 33, 1513. (1957). 
iG, opobouKo, 5 cally WOO (Slava, 2 TO), CG. 
27, 745 (1957). ici eae acti 
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Hokxanp Akanqemun nayr CCCP 
1958. Tom 123, Ni 4 


PH3SHKA 


Il. Ul. PACKHH 


| O CIIEKTPAX KOMBHHAWHMOHHOrO PACCESHHSA CBETA 
KOMIMJIEKCHbIX COEXMHEHMHM, COJEPKALIMX SbCI, u SnCl, 


(ITpedcmagneno axademuxom A, H. Tepenuncim 21 VII 1958) 


Hecmeqopanne CnHeKTpOB KOMMVICKCHBIX COeCAMHeHUM MpescTaBJaer B cuyuae 
KOMIVWI€KCOB C TraJIOreHHaMH MeTaJJIOB CYUCCTBeCHHBIM MHTepec U IA TeopHu 
KaTasiMTuyeckux mpoteccos (1). Tlosromy Ono mpequpuHaATO ucceqoBaHHe 
coequHeHHl, cosepxamux SbCls. Uacrb nowyyeHHbIX pe3yJIbTaTOB ObiIa ony- 
OIMKOBaHa panHee (*,%). 
 B 9370 paOoTe usiaraioTcA pe3yJIbTaTbl MSyYCHNA CHEKTPOB KPHCTAaJIJIOB 
KOMNJI€KCOB HadramuHa u AudenunoBoro ad@upa c SbCls (2SbCls -(CeHs)20 
HM 2SbCls -CioHs)*. Hiccaenopanue aTHx coeqMHeHHit mpescTaBuIAO M3BeCTHBIe 
TpyAHoctn. Hanpumep, coequHenne SbCls c HadbramMHoM y Hac Bcerga HMemO 
XKEJITYIO OKpacky, 4TO, KOHCYHO, 3aTPYAHANO NOJyYeHHe MOJHOWeHHOrO cre- 
KTPa 3TOTO COeEAMHEHHA HU, MOXKET ObITb, HALIM JAHHbIe HEAOCTATOUHO MOJIHBI, OCO- 
OeHHO BOIM3H JHHHM BO3OyxKTeHuA (4358 A). 

_ Uacrorbl cieKTpOB KOMOHHAMMOHHOTO paccesHUA MCCJIeQOBaHHbIX coeH- 
-HEHHH mpescTaBuieHb! B TaO. 1. Kak BuHO 43 3THX TaHHbIX, B CM€KTPaX KOM- 
‘TJIEKCOB HMeeTCH PAN XapAKTePHbIX H3MCHEHHH MO CpaBHEHHIO cO cneKkTpaMu 
KOMMOHEHT: BO-epBbIX, HaOsIOMaeTca 3aMeTHOe nepepacnpesxeneHue MHTeH- 
‘CHBHOCTH HW CMEICHHe YacTOT; BO-BTOPbIX, MOABJIAIOTCA B PaSHbIX OOJAaCTAX 
‘CHeEKTPa HOBBIC JIMHHH WM MpOWCXOJUT paculenJI€HHe HEKOTOPbIX YacTOT cMeKTpa 
KOMIIOH€HT KOMIJICKCOB. OTH OCOOCHHOCTH ObIIM OTMCYeCHbI HaMH paHee TpH 
H3yYeHHM CIeKTpOB coequHeHUH SbCls c 6eH30JI0M MH pAXOM ero MPOMSBOHBIX 
(?). IIpexge Bcero ykaxKeM, 4TO HB ciTyuae coequHeHHH SbCls c HadraIMHOM 
HW WueHHIOBLIM SPHPOM MpoNcxoAuT noHM*KeHHe yacToT C—C u B sTOH *e 
O61aCTH MOABJAIOTCA HOBHIe JMHAN. Kak MU paHee, MbI CKJIOHHbI CUMTATb 3TO 
CBHJCTEIbCTBOM TOTO, UTO 3TH KOMIMJICKChI OOpPa3syIOTCA MpH yuacTHH 7-3JIeKT- 
pouos**. Jlamee, uMe1oTCaA H3MeCHEHUA H B OOacTH uactoT C—H, oco60 3amerHbIe 
B clyyae KommmeKkca 2SbCls -CioHs. 

Oco6o0 ocTaHOBUMCA Ha YCJIOXKHCHHH CNeKTPa B OOACTH BaJICHTHbIX YaCTOT 
SbCls. Tak, Hampumep, B cnexTpe Komusekca 2SbCls -(CeHs)20 B sto oOmacTu 
umerorca 4 uacTOTbI, B TO BPCMA Kak B cneKTpe uucToro SbCls B KpucTaJu- 
YeCKOM COCTOAHHH HaOmozaroTcs yee uactrorsr: 313 u 349 cm!. Ileppaa uactora 
BCJICACTBHE CHMMETPHU MOJIeKYJIbI [BaKIbI BLIPO*KLeHa. B csryuae CHATHA BbI- 
poxjenua y momeKybt SbClz He moryr uMeTb mecta Oosee 3 uactor. Mexyay 
TeM, MbI BUJeIM BIE, YTO B CJIyyae OOpas0BaHHA KOMMVJICKCOB HaOvlIoJaeTca 
6oubpuree uncno mHHHH. Kak yxe coo6mlanocb (*), MOqOOHOe ABIIeHHe HMeeT 
MecTO H B CHeKTpax Apyrux coequnHeHHH SbCls. 

TIpwunny nosBeHia HOBBIX JMHMi B OOMacTH BasleHTHBIx yacToT SbCls 
HEIb3A CBECTH TOJIbKO K JesOpMalMu MOUIeKyJI, KaK 93TO JeslasI B CBOe BPeMA 


* B nowyueHHH CMeCKTPOB KOMOMHAWHOHHOrO paccesHHA KPHCTaJVIOB IpHHuMada yyacTHe 
JJ. H. Myxuua. 

** Bo3MoxKHO, 9TO [aeT JOMOJHUTebHOe NoATBeprxKAeHHe NpeAnonowKeHnio M. YcaHoBuya (5) 
© TOM, UTO B cyuae TudeHUTOBOrO VXpupa, B OTMMUHE OT St*PHpoOB ARupHOrO PALA, KUCMOPOA HE 
MpHuuMaer yuacTuA B OOPas0BaHHH KOMIMMIeKCa. i 
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Bpurae6 npu o6pacnenuu cnextpa SnCla B KommIeKcax (*). Takum oOpas3om, 
OUCBHIHO, MO2XKHO OObACHHTb MOABJICHHE TOKO 3 JIMHHH. ; d 

STO yculO*RKHeHHE CNeKTpa HE MOXKeT ObITb CBA3AHO CO BTOPOH KOMIOHCHTOM 
KOMIMJICKCOB, TaK KaK yY He€KOTOPbIX COCAMHeHHH CI€KTPbI KOMMOHCHT He Mepe- 
KpbiBaioTcs (Hampumep, y 2SbCls-CeHe). Oru U3MeHeHHA HE CBASAHBI, KaK I0- 
Ka3bIBaeT OMIT, CO CTEXHOMETPHUeCKHM COCTaBOM KomieKca (°) H H€ BbISBaHBI 
B OCHOBHOM KPHCTaJIIMYeCKOH PelIeTKOM, TaK KaK B CM€KTPpaX HEKOTOPbIX KOM- 
HWJIEKCHBIX COCHHCHHH B pacmJaBJICHHOM COCTOAHHM OOHapPyXKeHbI MOJIOCbI 
BMeCTO P€3KHX JIMHMM KpucTasia B OOacTH KoNe6aHHH SbCls. Oto pasMbIBa- 
Hue 3aMeTHO JaxKe B CM€KTPax C/1aObIX PaCTBOPOB H MPOABJIAeTCH TaM, Te B 
CNeKTpe KPHCTAIOB NOABJIAIOTCAH B 9TOM OOMaCTH HOBbIe YaCTOTHI”. 


TyaOgeiita, 32 


Uacrorni CIeCKTPOB KOMOHHALWOHHOrO pacceAHHA KPHCTaJIJIOB KOMITJICKCOB 
25bCl3+(CsHs)20 u 2SbCls-CroHs 


SbCl. 2SbCl,- , 2SbCl,- 
Rae CHO Me a OHO CroHe (°) Gully CroH, (*) Guhl 
| 
24 (5 23 (3 874 (1 868 (1/2) 31 (4) 1258 (2 | 
39 3) 40 Gh 942 (a), 939 (0) 4 (4) 1280 (2/2) | 
48 (1) 995 (6) 47 (1) 1303 (<<1/2) 
69 (4) 66 (4) 1004 (1/2) 77 (2) 1324 (2/2) 
88 (3) 1005 (7) | 1006 (0) 144 (5) 4380 (20)|1377 (10) 
100(6) | 126(3)  |1020(3) | 1018 (5) 162 (4) 1438 (1) |1447 (1) 
143(5)  |4076(4) | 1068 (<1/s)|) 194 (1) | 316(7) | 1462 (6) |1462 (4) 
162(2) 4460 (4) | 1152 (2) 346 (9) | 1576 (6) |1570(7) 
223 (4) | 222 (4) 1160 (3) 395 (2) | 353 (3) 1587 (4/2) 
243 (1) 1188 (2/2) 512 (10)} 508 (4) 1605 (1/2) 
254 (1) 1195 (4) | 1195(4) 726 (1) 1625 (1) |1636 (2) | 
309 (2/2) | 3414 (3) 1384 (1) 762 (10)| 764(5) | 3004 (4) 
326 (7) 1417 (2) 778 (4) 3027 (0) 
336 (2/2) 1435 (1/2) 940 (1) |4948 (</2)] 3055 (10)]3054 (8) 
341 (10) 1458 (1) 1022 (10)| ,025 (2) 3065 (8) 
350(5) —-|1592 (3) 1580 (3) 062 (<1/2)| 3244 (2) 
616 (/2) | 642 (7/2) 1596 (3) 1146 (4) |1146 (1) 
746 (2) | 744(2) — |4603 (3) 1168 (2) 
761 (</2) |3059 (4) 3053 (4) 1185 (</2) 
798 (1) | 796(1) — |3068 (4) 3073 (7) 1215 (<1/2) 
841 (1/2) | 844 (4/2) 1240 (2) |1244 (1) 


TloaBleHve 9THX HOBBIX 4UaCTOT, MO-BHAMMOMY, TaKXKe He CBA3aHO CO culesa- 
mu HO, Tak KaK MpOBeJCHHBIMM ONbITaMM NOKa3aHO, 4TO, HaNpuMep, y cuc- 
temp! 2SbCl,-CeHe -nH2O B x%uAKOM COCTOAHHM He HMeeT MeCTa HH NOABUJIEHHe| 
HOBLIX UaCTOT, HH Pa3MbIBaHHe JIMHHH, B TO BPeMA KaK B CJIaObIX pacTBOpaX | 
SbCls 8 CeHe pasmbiTue MHI BaJIeHTHbIX KOJeOaHHit OTYCTIMBO MpOABJAeTCA*. | 

TakHM OOpa3om, CJleqyeT CUHTATb, YTO HOBbIe UAaCTOTHI B OOJIACTH BaJleHT- 
HbIX KONeOaHHi SbCls Beposatuee Bcero culekyer IpuNucaTb B CyYae CCE OBAaH- | 
HbIX B JIaHHOM paOoTe cOeqMHeHHH, KaK MU B Apyrux cyuanx, HCCIeOBAHHBEIX | 
HaMH, HOBBIM CBA3HM, OOpasyembIM SbCls c MoweKyaMH BTOPbIX KOMMIJICKCOB, | 

IIpeqcraBsiseT HHTepec BOMpoc, HMeeT JIM MeCTO MOROOHBIL atdpeKT B cleK-| 
Tpax Apyrux coeAMHeHHH raJOreHuAOB MeraoB. [peaqBapuTebHOe UccseOBa- | 
HM€ CN€KTPa KOMOHHALMOHHOFO pacceAHMA OMHOFO M3 KpMCTasOruApaToB SnCl,| 
(SnCla-5H2O) B TrBepfom cocTosHHM MO0Kasas0, 4TO B ero cmeKTpe UMeIOTCA pes- | 
KHE JIMHHH, KOTOPbIe B CHEKTpe NepeOXaKTEHHOLO PacnaBa CMeIICHbI cHutb-| 
HO pasMbiTbI. B cnekrpe nepeoxaxyeHHoro pacnaBa SnCla-5H2O uaiize-| 
HbI culefyrouue 5 uactor: 99; 155; 228; 280 u 335 em. 

Jlanee, B cneKTpe TBepJoro KpucTaOruspatTa B OGOJlacTH YacTOT BONOPOR-| 
HOW CBASH OOHAPyAXeHHI Awe peskue AnH 3515 u 3545 cm. Ananornunaa Kap- 


* Oro pasMbITHe JMHUM HMEeT MECTO THWb B ToL OOacCTH KOHWeHTpanHl SbCls, rqe, cormac- 
no B. H. Menutytkuny (’), qoka3aHo cyuecTBOBaHHe KoMMeKca. 
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THHa B TOM 2Ke OOacTH YaCTOT ObIIa OOHapy2KeHa B CylyYae KPHCTaia KOM- 
qwiekca 2SbCls-CsH;OH (8), rae Oba waligqena pe3Kaa JIMHUA Cc YacTOTOTi 
3530 cm +, B TO BpeMH Kak y uucTOrO deHOa MMeeTCA WIMpoKaa MO0CAa 
30f0poqnon cBa3H (~300 cm‘), mexamaa B o6nactu 3200—3400 em. Stu 
pakTbI, M10-BHAHMOMY, MOXxKHO OOBACHUTS Pa3pbIBOM BOMOPOAHOH cBA38H MpH 
.Opa30BaHHu KOMMIeKCa. 

B HactToaujee BpeMaA HaMM MpeNPHHATO JalbHelinee UsyYeHHe CNeKTPOB 
xpuctaorugpatop SnCla, a Take cmeKTpoB KommekcoB SnCla u apyrux 
“aJIOTeHHAOB MeTAJJIOB C Pa3JIHYHbIMH OPraHHyeCKUMH COeJHHeCHHAMH. 


JleHuHrpascKult rocyapcTBeHHbIit yHuBepcuTeT Tlocrynusio 
um. A. A. )KaHosa 2 VII 1958 


HWHMTHPOBAHHAS JIMTEPATYPA 


1A. H. Tepeununn, Becru. JIFY, Ne 11, 143 (1953). 2 I. I. Packxun, JAH: 
100, Ne 3, 485 (1955). 3 Tl. I. PacKun, Onrnxa u cnextpocxonus, 1, B. 4, 516 (1956)- 
'G.Briegleb, W.Lauppe, Zs. Phys. Chem., Abt. B, 35, 42 (1937).5>M. Ycanosuy 
KOX, 2, Ne 6, 443 (1932). ® K. Koappay w, Cnexrpbl KoMOuHaluMoHHOrO paccesHua> 
1952, 7B. H. MeuowytKau, O Bananuu 3amecTuTenei Ha HeKOTOpbIe peak 6ex™ 
3014 H CO 3aMeELICHHEIX MPOu3BOAHbIX, 1912. 
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Jloxxagn Akagemun nayr CCCP 
1958. Tom 123, Ne 4 


B. H. PO)KAHCKMM 


O MEXAHVH3ME PA3BUTHA 3APOAbILUEBbIX TPELUMH 
B KPHCTAJIJIAX TIPH WX MJIACTHYUECKOM JE®OPMHPOBAHHH 


(IIpedcmaeneno axademuxom II. A. Pe6undepom 14 VII 1958) 


Ilpu naacruyeckol JepopMallun B TBepABIX TeaX HAYT NpOleccbl pasBUTH 
HU 3aICUHBaHuA OO/bMIOTO YHCMa 3aPOMHIeBLIX MHKPOTPelMH, KOTOPbIe Ip 
COOTBETCTBYIOWUX YCJIOBHAX MOryT JlaTb HayaJIO BOSHHKHOBeCHUA TPelllHH 
paspymenua. Han6onee o0maa op9 
Ma TaKHX JIMH3O0MONOOHBIX MUKPO: 


—_—> 


i agi Vee a TpeuluH Opiwia onucaua II. A. Peoduxi 
A J@pOM B CBA3H Cc pa3paOoTaHHOH u 
= TeopHeH JeHCTBHA MOBepXHOCTHO-ak: 

\ THBHOHM CpebI Ha MeXaHHuecKkhHe CBOH 
; CTBa TBepEIX Te ('). 
Puc. 1. Cxema pa3BHTHA 3apofbIlleBoli Tpe- 


UIMHbI BO rlaBe CKOMNMeHHA JucTOKauHH (Morr OR aE usp Mek alee oan 
Crpo) ’  3apObIMIeBLIX TPelHH, MpeAiowKer 

upm =Morrom (?7,%) 4 noJuJy4HBII 

JaJibHeiiiee pasBuTue B padotax Crpo (*), saKmouaeTca B OOpasoBaHUM TPE 
WIMHbI BO [laBe CKOMICHHA AMCOKaluH. HanOoubuine HOpMaJIbHbIe Halps 
2Ke€HHA BO TylaBe TaKOFO CKONJICHHA PacnOJIOXKeHbI Ha MPAMOM, COCTAaBJIAIOWIEH 
yron §~70° c HanpaBeHHeM CKOJIbxKeHHA, B CBA8H C YeM Upemnosaraercs 
PpasBUTHe TPeUlMHbI HMCHHO B 9TOM HampaBieHuH (puc. |). | 

JIpyroH MexaHH3M PasBHTHA TPelMHI B MJIOCKOCTH CKOJbKeCHUA IPM yac- 
THYHOH aHHHTHIALMM AUCIOKAalu npoTHBOMOJIOKHbIX 3HaKOB ("An ), DBE- 
XKYILAXCA B OH3KO pacnoJox*KeH- 

HbIX T[apaJJICJIbHbIX IJIOCKOCTAX eee ek 

CKONB EHH, “OBUI, DE MONCH) A= ore 

@yysura (°,°). B page pador (7,8) ‘ | 

PasBUBalOTCA mpescraBlenua 0 Puc. 2. Cxema pa3BuTMA 3aposbilenoli TpellMHE! 
B HJIOCKOCTH CKOJIbKeCHHA 

BO3MOXHOCTH (POPMHPOBaHHA TPe- 

IHHBI B MWJIOCKOCTH CKOJIbKeHHA Ha 

OCHOBe OObeCAMHEHUA BakaHCHH, BOSHUKaIOUIMX B KpUucTae Mpu mepeceyenuH 

AMCIOKAaWHH, YTO, OHAKO, He MOKeT ObITh CBA3AHO C HaGsUOaBLIHMCA HaMH 

NOHWKEHHEM CKaYKOB 3JICKTPOCOMPOTHBJIEHHA IPH CKaYKOOOpasHol edopma- 

nun (°,2°). 

Ilo-BuyqumMomy, Oomee BepOATHBIM ABJAeTCA WHO MeXaHH3M pasBHTHA Tpe- 
IWHH B MJIOCKOCTH CKOJIBAXCHHA, KOTOPHIM UurpaeT OCOOeHHO OOVIbINYIO POb B 
culyuae COBNaeHHA MIOCKOCTeH CKObKeHHA uM CNalinocru. TIpu onucanuu 
PacnOJIOXKeHHA ATOMOB B paHOHe Apa KpaeBolk WUCIOKaMA OOIYHO paccma- 
TPMBaeTCA [TlaBHBIM OOPasOM UCKPHBJeHHe MIOCKOCTeH, NepMeHAUKYApPHbIx 
BekTopy Broprepca, u He MpMHHMaeTCH BO BHUMAHHE HCKPHBeHHe ATOMHBIX 
NJIOCKOCTeH, MapaJWIeJIbHbIX MJIOCKOCTH CKONbxKeHUA. A Mey TeM, B OCObeH- 
HOCTH IPH OOpasoBaHHH CKOMICHHM KpaeBbIX JUCMOKAaLN, U3Tu6 STHX MO0CKO- 
CTeH BeCbMa CyllleCTBeHeH H MOXKET MPHBECTH K PasBUTHIO CBOGOAHO! MOBepxHO- 
CTH B MIOCKOCTH CKOJIbxKeHHA. IIpu stom tbopmMupyerca nosocts (cM. puc. 2), 
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ONaJaioulad OobUIHM BekTopom Broprepca. Takas MOJIOCTh, C OLHOM CTOpOHEI, 
MOACT MOCIYXKHTh HavaJlOM PaSBHTHA TPeCWMHbI paspylWieHus B pesysbTaTe 
SOHILCHTPallMM Ha Heli HanpsxKeHHi, a c Apyrol cropousi, MoxKer yBeJIHUH- 
3ATHCA 3a CHET CIMAHHA C Hel CAMHMUHDIX AMCIOKAaMH, ABWKYULUXCA B MIOC- 
XOCTH pa3BHTHA nowocrTu. 

Oco6eHHO ApKo stor adekr mpoaBaaercn y aMaJIbraMHpOBaHHBIX MOHOKDpH- 
PTaIIOB WHHKa ("'), y KOTOPbIX TPelMHbI PasBUBatoTCA BCera B WOCKOCTH 
vasuca. Peskoe naqeHue cBOOOLHOH noBepxXHOCcTHO! 3Hepruu pasBuBaoMlUxca 
OBepXHOCTeH pasea cnocoOcTByer B 3TOM ciy¥ae O6paz0BaHHIO TpellHH 
JaSPYINCHUA, TWepeceKalouluxX Bce ceyeHHe Kpuctasa (puc. 3) 


5 

yc. 3. TpemnHbl, pasBHBaloujueca B MJIOCKOCTAX CKOJIbHKCHUA Ha aAMabraMHPOBAaHHOM 
MOHOKPucTae WHHKa. A — nopepxHocTh xkpuctanna, 5b — wand. 100 (no jaHHEM 
H. B. Tlepnosa) 


TakoH MeXaHH3M Pa3BUTHA 3aPOJIbIIeBbIX TPelLHH BeCbMa HaMOMUHaeT 
m0cOO pa3sBUTHA CABUrOOOpas0BaHHA B AHH30TPONHbIX Telax no A. B. Crena- 
10By (17), a TAK2Ke COOTBETCTBYCT (POPME HCKPHBJICHUA MVJIOCKOCTEH CKOJIBKEHHA,. 
icceqoBaHHoH C. T. KoxnoG6eesckum u A. H. Esbunxospim (1%). 

Crpo (4) noka3aJI B JIHHeEHHOM NpHOMKeHHUH, YTO 3apOfHINeBaN TpeulHHa, 
SOSHHKalollad BCJeCACTBHe CKOMJIeHHA N jMCcOKalHu c BeKTopom Broprepca 0, 
OpasyeT YCTOHYHBY!IO NMOJIOCTh pa3MepoM 


Caan 0, (1) 


| Jlerko BujleTb, UTO pa3sMep PaBHOBeCHOH TPpelHHbI B HalipaBJIeHHH BeKTOpa 
Oprepca 3HAaUHTeMbHO OONbINe, EM PasMep TPeLIHHbI, BOSHHKAaIOMeH MO CxemMe 
Motra (KJIMH C OCHOBaHHeM 71D B MJIOCKOCTH CKOJIbxKeHHA). 

' Ilo pacueram HeliOepa (**), np TpHoxwKeHHH KaCaTeJIbHOrO Hallps2xKeHUA To, 
[aKCHMaJIbHbIe ~HOPMAJIbHbIe HalpAyKeHHA PasBHBaIOTCA Y KOHIOB TPell{MHbi 
| PaBHBl 


max = $0 (V o+2+ 755), (2) 


ule payuyc KPHBH3HbI y KOHIOB TpellMHb! p~ 0/2. Takum o6pa3om: 


3 a ‘tale ale 
omax) = to (2 V2 42+ a) =m (2 + 3), (3) 


IIpu 2 ~ 500 wa nopepxHocTH TpelWHbI y Mpesea TeKyyecTH pasBHBaloTcs 
ANpAKeHHA TOpAKa TeopeTHyeCKUX 3HAYeHHH MPOYHOCTH Me?KaTOMAPHBIX CBA 
eli. IIpu 3sTOM KpHTHUeCKHH pa3sMep 3apOfbILeBOM TPeUHHbI OMpesesMTCA U3 
~ nb ~ 5-107? cm (qua Zn), YTO YAOBMeTBOPUTeHO CoriacyeTcA C BesMIH- 
ct, onpeeseHHOH W3 SKCMepHMeHTaJbHbIX pesysbTAaTOB (1°). 
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Han6ojee CYILeCTBeEHHbIM OOCTOATEJIbCTBOM ABJIACTCH COOTHOLICHHe Merk /ly 
BeNHUMHOM JedopMalMOuHOTO CKauKa, BOSHMKAIOMero MPH 3aXJIOMbIBAHMM TaKOr 
TPeMIMEL, H BeMMYMHOM TpeuHHEI. Ec mpHuATs (popmysy Crpo (1°) quIn W3Me- 
HHUA 9JIEKTPOCONPOTUBJICHHA B pesyJIbTaTe OOpasoBaHHsA TpellHH | 

yANe) il | 
— eee ne (4) 
toe N —uncio MMKpoTpelwH, TepeceKaloulMx eMHHYUHYy!IO Toma ky, napa 
JI@bHYIO HallpaBslenui0 {TOKa, TO MO%KHO BbIPa3HTb 3aBHcHMocTb Ap/o oT 6 
B Bue 


Ao AR _ k4ndlAN sin x 
o R 4b? cost yx) ” 


rye R--oTHOUeHHe uNMCJa JMCOKallui, CPOPMMpOBaBIUHX MOJIOCTb, K YC 
BCeX JIMCOKallWit CKOMIeHHA, a 3aBHCHMOCTb OT OPHeHTHpOBKH KpHCTaa (Yo 
HOCHT YCJIOBHbIN XapaKkTep. ‘ 

JIA BeIMUMHbI g, BbIUHCIAeCMOM M3 SKCIePHMeHTaJIbHbIX 3HAaYeHHH, IPH 9TO 
OJKHO HaOsOaTbCA MOHM2KeHHE, OOYCJIOBJIEHHOe 3aJIeUMBaHveM 3apO/J{bIILeBbI 
A Seace ASR1  kérl823 sin x, re 
~ 230R “Sb eostyrs 


MmeHHO Takad 3aBHCHMOCTb OTBeYaeT HaOOAaBUIeMyCa HAMM MOHWKeHH 
YACNbHOFO BJICKTPHYECKOLO COMPOTHBJICHHA IPH SJIEMeHTaPHBbIX AesopMall HOHHbIS 
ckaukax (!’) (puc. 3). [Ip 6ombuax CO*KHbIX CKaUKaXx HaO/OaeTCA NOCTOAHCTB 

Ag, TO onpeyemaeTCA MOCTOAH 
_ CTBOM cpefHero 3HaueHHa Sl Aa 
Sxcnepumentanss, CKAUKOB, M3 KOTOPBIX CKJa]bH 


cs Pa3mMep TpellHHb! | 3Hau. C, paccuHTaH. er = 
Beamunna Pe eee BaeTCA COCTaBHOH epopMallHow 


AG ey 4 


“ Pres ; C= sae yet nb Me = HbIM CKauoK. 
ea EPA | mpok~O2nu | °=V oasinyN B o61acTH 3/1eMeHTapHbIX CKa4 
ie KOB HaOsOaeTCA 3aBMCHMOCT 


g~sl?. MakcuMaJibHbili 2u1eMes 
TapHbId CKayOK MOXHO onpele 


1000 8 8 

750 5 6 JIMTb 110 cbopmyvie (5). M3 3Ha 
500 2 = yeHua — Ag = 0,25 onpenemnete 
375 | 1 — 3/~ 800 A npu kR=0,2—9TO 3H2 


; YeHHE COOTBETCTBYeT Haualy mepet 
ru6a 3HayeHnn gq. IIpu 6/=500 A— Aq = 0,02, ecan k ocraetes T10-TIpexKHeEM 
paBubiM 0,2. OTH 3HaYeHUA COOTBETCTBYIOT KOHILY leperu6a. OOnuH XOX HaGsmOzal 
‘eMOH 3aBHcHMOcTH q (dl), TakKHM OOpa3om, 
BIIOJIHE COOTBETCTBY €T IIPeCTABJICHHIO 0 pas- 
BHTHHMB MOHOKPHCTaJJIaX MUKPOTPelHH, Je- 
2KallMX B MVJIOCKOCTH CKOJIb»KeHHA. Hexo- 
TOpoe NMOBbIMeHHe 3HAYeHHH g B OOMacTu 
MaJIbIX 6/, MO-BHHMOMY, CBA3aHO Cc Tem, 
4TO B STY OONacTb MonasaioT CKauKH, CBA- 
3aHHble C POPMHPOBaHHeM, a HE C 3axVIO- 
IIbIBAaHHEM 3apOJbIWeBbIX TPelILHH. 

Ouetika Pasmepos suxporpeuues, sa- Puc 4. Samscnvcens sxetepnmennan 
XJIONBIBAIOULHXCA TPH COOTBETCTBYIONAX — jedopmanuonnoro pelaesy 7 
AedopMallHOHHBIX CKauKax, H3 TeCOPeTHYe- szemenTapHEIx cKauKos, 2 — o6nac 
CKUX cooOpaxkKenni, a TakxKe H3 9Kcrepu- COCTABHBIX CKaYKOB 
MCHT@JIbHbIX JAHHbIX TIPHBeeHa B Tau. 1. 

OKCICPHMCHTAJIbHbI€ PeC3YJIbTaTHI [WIA BeJIMUHHbI C HM BeCb XO 3Ha4ueHH 
gq B€CbMa YOBJICTBOPHTeIbHO COBNaflaloT C TeOpeTHueCKUMN pacueTaMu; Ip 
9TOM TeperH6 KPHBOH 3HaYeHHH BeIMYMHEI g, NO-BUAMMOMY, OObACHAeTCH H 
TeM, UTO MPH MaJIOH BeJMUMHeE CKONMJICHHA BO TaBe ero He cnoco6Ha ccbopMH 
POBaTbCH MHKPOTpeliHHa, a B OCHOBHOM — 3aBHCHMOCTbIO MexKAy HCO! 
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| 


| 
| 


iCOKAHH, OOpasyroulNx mooe apo (nb), u BemuuMHOH sTOrO apa (nb) 
yuc. 4). 


ABTOp HOIb3yeTca cilyyaeM mpHHecTH ryOoKy1o OarO Jap HOCTE Bak, 
HeH OOMy 3a IeHHbIe 3aMe4aHUA IPH OOcyKMeCHHH STO paGorTHI. 


MockoscKHi rocyapcTBeHHBIt yHHBepcuTer Tocrynusto 
um. M. B. Jlomonocosa 10 VII 1958 
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Jloxaann Akagemun nayk CCCP 
1958, Tom 123, Ns 4 


B. ©. COJIOBbEB 


O BOSHHKHOBEHHMM CBEPXTEKYYEFO COCTOSHUA 
ATOMHOLO AAPA 


(ITpedcmaeazeno axademuxom H. H. Boeoamboeom 29 VII 1958) | 


VHs3pectuo (+), 4To claOble B3aHMOJeCHCTBHA BJIEKTPOHOB C PaBHbIMH HU IIpd 
THBONOJIOXKHLIMU UMIMYJIbCaMH BOIH3H NOBepxXHOcTH PepMu IPHBOLAT K NOABIE 


cbepMu-ra3a, KOTOPOe Ha3OBeM HOPMAJIbHBIM. OCHOBLIBAACh Ha HEKOTOPOM CxO} 
cTBe (pepMH-cHcTeM Apa H MerTaJiia (7), pacCMOTpHM B38aHMOJelicTBUA HYKJIG 


apa. 

McceqoBaHve BO3HHKHOBCHHA CBepXTeKYy¥erO COCTOAHHA aTOMHOTO sAzp 
TpoBeyeM C MOMOMbIO BapHallMOHHOTO IIpHHItMNa, WpesmowenHoro H. H. Bag 
TowOOOBbIM (*), ABMsAIOWLeroca OOOOMeHHeM M3BeCTHOTO MeTOjla Moxa (4), u 
MOMOLULbIO MATCMaTHUCCKHX METOAOB, Pa3BHTHIX B ('). 

OcHOBbIBanHCh Ha OOOJOUCUHOH MOJeIH Ajpav UMes B BUY cpeqnue u TARK 
JIble Apa, PaCCMOTPHM CaOble BSAaHMOJeHCTBUA (°) MPOTOHOB (JIM HeliTpOHOBy 
HaXOJAWUXCA Ha OLHOH M TOM xe OOOMOUKe BOMH3H ZHEpruH NOBepxHocTu Dey 
mu. CocTosHue mpoToHa 6yem XapakTepu30BaTb HaOOPOM KBaHTOBEIX duce | 
OnpeeiaIOMlHX OOOOUKY, MH KBaHTOBbIM YHCJIOM Mm MpOeKILMH MOMeHTa # 
OCb CHMMeTpHH spa. CuutTaemM, uToO nose Apa HeECKOIbKO OTKJIOHAeTCA 1 
IL€HTPasIbHO-CHMMETPHUHOTO, MOSTOMY He OyeT 9HepreTHyecKOrO BEIPOK LEH 
m0 m. 

PaccMOTpHM TOJIbKO TY WaCTb TaMMJIbTOHHaHa, KOTOpaA OMMCbIBaeT B3anMd 
WeHCTBHe [pOTOHOB, HaxOJAUlMXcA Ha OJHOH HM TOM xe O6ONOUKe, a HMeHHd 


H= Dy Wel (Ss om) — Ep} din (S)\irae (s) + (i 
Sy 0,0) | 
4 i : 
— oN > J (S| sty, Goffe; ym, SyINz) Amo, (S) Bingo, (S) Dnta,\S) Gm on(s) |) 


7 


, 
S$; 53, G2, M4, Ms, M,, M, 


, , r 
My--M,=m,-+M, ; unite 


rye N — uncno yposneli; so = + 1 xapaxrepusyer 3HaK mm; ee 


, / 
HBIe OOosHayeHuA JaHbI B (°). DynKuua J (s| my, mo; m1, Ms) ABMIAeTCA ency 
BUTeEIbHOH WM OOJaaeT CNesLyIOULHMA CBOHCTBaMn: 


Js Hy Mites, 5) == INS | my, Ty mi, ms), 


OOS i te my) id (1S. Peuriueean, § M5). 


CopeplMM KaHOHWYecKoe Mpeoc6pas0Banve (bepMu-amnuMTy J 


Gio! (S) = Um (S) Oy ees) SU ser ata (A 
652 


“Im (S) = Um (8)? + Um (8)? — 1 = 0. (3) 


(jee eG; m) — Er} Um (s)? + 


+ DY {J (s|m, —m; m’, — m’) tm (S) Om (8) tem (S) Om (s) — 
ving m’ 
—J(s|m, m’; m’, m) Om (s)? Um (s)*} = & (u, 2), (4) 


jauem 
B(S3 m) = E(s, —m), 


OnpeyemuM wu, v 43 yCJOBHA MuHuMyma G@(u, V) pH HamMuMM JonOMHHTeND- 
yO ycnoBns (3). Tlomyuaem 

| (s)?—2,, (3 

(S) Um (S) Um (8) + = = > J (s|m, — m; m’, — m’) tm: (8) Ow (s)=9, 


m (5) 


eases (seni) E Ss (sii, nu, avy m)Vae(s)* (6) 


| Ypapuenne (5) Jomyckaer petienve Um (s) = | — Or (s, m), Um (Ss) = 97 (s, m), 
rOpoe COOTBETCTBYeT HOpMaJIbHOMY cocTosHMIo. DyHKunA Of (s,m) = 1, ecm 
Ban) < Er, u Op(s, m)=O0, ecau E(s, m) > Ep. 

i BBoqum HOBYrIO acy: (pyHKILHIO 


CA = WW s|m, —m;m', — mm’), 
WISaHHy!0 C Um(S) H Um(S) tee o6pa3om: 


Ue loe <= : E Sm =) Um (S)* = ; p= ay 


&m (S) = Ke, (s slid (s)?, H nomyuaem yaa Cy,(s) ypaBHeHHe 


C(s) 
Cn (s) = ie I (Sena =< = = 
m ( ) N ps ( | Fr; Co (s)? + Say (s) 2 


(7) 


| PaccMoTpuM B3aHMOJeHCTBHe MpOTOHOB, HaXOAWIMXCA Ha OOOJOUKE Ss = So, 
eprua E (so, m) KOTOpo Osm3Ka K 93HeprHu TMoBepxHoctH Wepmu, T. e. 
F—A<E(s),m)<Er+ A, npauem AX E;p. Hepetzem B (7) OT CyYMMbI 
muTerpasly; MowyauM 
Ma 


CAS) = \ dm’ J (So |m, —m; m’, 


ep m? (Sq) @ (1’) 
HI Hh TE (Sq) = om! (5) 
Hisem E (So, 1) = Ep —A, E (50, tt) = Ex + A, E (So, my) = Er. 


| Jina toro uroOnr noyunTb acumnroruueckyio (bopmy pewlenua (7’) mpH 
\ibIx J, lepeHjemM K i ypaBHeHHI0 


Cig (0) ae 
Cm (So) =? (1M) In 


(7') 


J (S|, —Mj_tM%),—™M))_ , 


Gre (s 0) {dem (So) / dn’ be =o 7 


me. LE Gom)— Fpl a 


U. dm’ 


! m (So) @ (m’) 
[J (oj m, — i Nie mn) | (8) 


my, 
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KOTOpoe pH Masibix J acumnroruyecku copnayaert c (7’). II[puOmuxeHHoe pelle 
Hue (8) mpH MasbIx Cy, (So) HaWeM B CJleyIoWleM Bue: 


nod (tin 
__ . J (Sq | m, — mM; to, — mM) Q(t) | dm’ |m'=m, 
Cm (So) a J (So | 79, — 7729; Mg, — My) a3 J (So | Mo, — Mo; Mo, — Mo) J’ ( 
rye 
Me 
. aon(Sh) E(so,m’)—E,r| 4 
In © = (dm {Sa \ eel : f 
U dm ah, Ue 9 (MM) 
m, 
x d ( J (So | Mo, — Mo; m’, Sat ) Qe (m’) | (1 
yank J (Sq | #%9, — M0} My, — Mp) dé,” (So) | dm’ 


Zt TIPOBCJCHHBIX BbIUHCJIGCHHH BUAHO, UTO LIA NOJIYYeHHA ACHMIITOTHKH CBepy 


TEKYYEFO COCTOAHUA ATOMHOFO Apa H3 Bcero B3aMMOMeHCTBUA J(S|121,112; 1714, Mj 
IIPOTOHOB, HaXOJAWIMXCH Ha OHOH HM TOH xe o6om0uKe, CYILeCTBCHH 
JIMIlb HEOOMbIUAA YacTb ee, a HMEHHO J(So\— m; m’,—m’), T. e. CYULECTBEHH} 
JIMLUb B3aHMOJeUCTBUA IPOTOHOB C PaBHbIMH HM MPOTHBOMOJIOXKHbIMM MpOeKI 
MH MOMeHTa Ha OCb CHMMeTPHH AApa. OcTasbHy!0 YacTb B3AMMOJeCHCTBHM Mmpt 
TOHOB Ha OGOIOUKe cueyeT YYHTHIBATb NO TeEOPpHH BOSMYLIeHHH. 

Takum 06pasom, Halle HcceqOBaHHe NMOATBepKMLaeT 3AKOHHOCTH BbIYHCIEH 
B (°), MpoBeqeHHBIX c B3anMoselicTBuem J(s\m,—m; m’,—m’). B (°) noKa3aH 
YTO 3HEPruA NepBOro BOZ6yxXMEHHOFO COCTOAHHA OTAesIeHa OT OCHOBHOTO cBep 
TeKYYeFO COCTOAHUA ILeJIbIO 


: (ee 
AE ~ 2w exp [eagcnincmaines | (1 


J (So | 9, —19; M9, —-1M) 


| 


M uTO CBepxTeKyyee COCTOAHHe, OTACJICEHHOe OT HOPMAaJIbHOTO COCTOABH 
IL@JIbIO, ABJIAe€TCA QHEpreTuyecKH Oowlee BbITOHbIM. 

IlpuBeqenHoe ucculeqoBaHHe, NOLTBepK Aaa cooOpaxeHuA, BbICKA3aHHbIe 
(7), CBHJ@TebCTBYeT O TOM, UTO C MOMOMIbIO MOABJICHHA CBEPXTeKY4eFO COCTO 
HHA ATOMHOTO Apa MOXKHO OObACHHTb SHEPreTHUECKY!0 ILleJIb MEK TY OCHOBHE 
HM M€PpBbIM O/HOUACTHUHBIM BO3OY2KJCHHbIM COCTOAHHAMH B TAXKEIbIX UeTH 
YeTHBIX A[paX. SaMeTHM, YTOB HCYCTHBIX AA pax SHEPeTHyeCKON MeIH He Oy ne} 
a IpH Bos6yxAennn OyAyT HaOs0ZaTbca NepeXOAbl BHYTPH BHeIHeH OOOTOUKI 

B 3axksio0ueHve BbIpaxkalo ryOoKy1o OslaroqapHocTb aka. H. H. Borom 
OoBy 3a NOCTOAHHbIM MHTepec K paOoTe MH IWeHHbIe 3aMeyaHHa. 


) 


O6beqHHeHHBI ~MHCTHTYT Tloctynuao 
AJePHBIX UCCIeEOBAHHH 17 VII 1958 


UWMTHPOBAHHAS JIMTEPATYPA 
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Jornangn Akagemun nayr CCCP 
1958. Tom 123, Ni 4 


[EOPH3HKA 


A. C. TYPBHU, B. HW. TATAPCKHM wu JI. P. WBAHT 


IKCHEPHMEHTAJIBHOE WCCJIEQOBAHWE CTATHCTHYUECKHX 
XAPAKTEPMCTHK MEPILAHHS HASEMHOP0O HCTOUHHKA CBETA 


(ITpedcmaeaneno akademuxom H. H, AnOpeeeuim 17 VII 1958) 


ABMeHHA MepllaHusA WH ApOKaHHA 3Be3 H APYrux HCTOUHHKOB u3yyueHua, 
1aXOJAUIMXCA KaK BHE MpeAeOB 3CEMHOM aTMOC*ephl, TAK UW BHYTPH ee, NPHBIE- 
KaloT B HaCTOALee BPEMA SHAUMTeJIbHOe BHHMAHHE B CBA3H C BOMpOcaMu HaGuIIo- 
(ATC@IbHOM ACTPOHOMHH HM HEKOTOPbIMA BOMpocaMH payuMomereopouoruu. Pas- 
)aOoTaHa JOBObHO NOApoOuan Teopua 9THX aABMeHHH (+7), OnMpatomlanca Ha 
IpeACTaBICHHA TeOPHH JIOKAaJIbHO-H3OTPONHOH TypOysleHTHOcTH (14). 

| B cayyae, korga daykTyallua moKasaTeia NpeOMMeHHA nN cpeab noqUH- 
IaeTca «3aKoHy °/5» (7°,11,”), 


[a(t +) — n(n)? = C2 (1) 


rye C,— HeKOTOpas NOcTOAHHad BeMUuHa, 3aBucaad or gradn u oT xapak- 
epHCTHK TypOysleHTHOCTH) M Kora BbINOJHAIOTCH ycnoput A<L, BL <I, 
o< Vil < Per Gih te (rye /) — BHYTpeHHuH, a Ly — BHeINIHMi MacuITaObr 
(ypOysieHTHOcCTH A— QuIMHa BOHEI H L— paccTosHMe, NpoxogqumMoe BOJIHOH 
§ TypOyJleHTHOU cpeye)*), CIpaBeqIMBbI CeAyIoulve BbIBOALI Teopuu (5): 

| 1. OayxrTyalwn WHTeHCHBHOCTH cBeTa paciipefeeHbI MO morapudMuueckH 
M{OpMaJIbHOMy 3aKOHY. 

|, 2. Jlucnepcua unrencupyoctu J cBeTOBOM BOJIHBI OMMCbIBaeTCA (bopMyJol 


6? = [In] —InJ]?=10,5C2 x "L *, (2) 


i1 
(3 KOTOpOH cyleqyeT, uro o? ~L se 
| 3. Koppeasumonnaa dyykuua By; ayKryauui sorapupMa WHTeHCHBHOCTA 
pera B MWIOCKOCTH, NepneHyuKysapHo myuy, 3saBucur or 9/ VAL: 


Bee, (=) (3) 
Vat?’ 

eye 0 — paccToAHMe MexK]ly TOUKAaMH HaOJOJeHHA, a MacilTaO KoppesAluy 
fimeer nopagok VAL **, i 
4. Uacrorupiii cnekTp (bayKTyalui aBsiseTca (pyHKUMel BeJIMUMHbI pF Vena On, 
eye f —-uacToTa H UV, —MepleHyMKyJIApHad K «IyYy» COCTaBJIAIOllad cpesHert 
* B armocdepe J, ~1 cm, C, ~ 10-8 +- 10-9 em, Ly~10-+-100 m, nostomy aaa 
|BeTa yKa3aHHble YCNOBHA MpakTH¥UeCKH BCera BbINOHAIOTCA, CCIM L > 200—500 M. 

| ** Conepxamieecs B (12) yTBepxKeHHe, YTO pawHyc KOppenAUNH JyKTyayMn aMMIHTy Ab 


hob BCeryla HMeeT MOpAwOK pasMepa HeofHOposHocTeli, CMpaBeAJUBO JIMWb B TOM HCKuJIO- 
(“TeIbHOM clyuae, Korga J) = Lo (¥MeHHO STOT cmyualt uM paccmorpex B (3*)), B cayyae xe, 
Kkorga I)$< VAL < Ly, pamuye Kopperayun dbayKTyauMi amnsuTyAbI uMeeT NOpAZOK VAL ue- 
}\aBHcuMO OT BEIGOpa KOppeAAUHOHHOM cbyHKnMM ryKTyauMH MOKasaTeIA MpeJOMJICHHA. 
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CKOPOCTH BeTpa? 


n 


jw () =F (' |: (4) 


3necb W (f) — HopmuposanHasa ycnosuem { W(f)df = 1 cnekrpatbHan mloT- 
0 


HOCTb (pulyKTyalluii WHTCHCMBHOCTH, ABJIAIOWlaAcA mpeoOpasopanuem Wypbe 
KOspPUuIHeHTa aBTOKOppelAuun cuyKTyanun J. 

Bce 9TH 3aBMCHMOCTH IIPOBEPAJHCh SKCMePpHMeCHTAVIbHO. OKcnepHMeHTEL 
mpoBolqusmuch B 1956—1957 rr. B paoue noc. I\uMasaHcKoro Hay OUCHb POBHBIM 
yuacTkom cremu*. Or ucTOUHHKa MOfyJIMpOBaHHOrO cBeTa Ha BbICOTe NOpsAyKa 
2M Hal 3emMJeH pacmpocTpaHasica claOo pacxo,sAlulcA MyyOK cBeTa MO Ha- 
paBJIeHuio K MpHeMHHKy cBeTa. Pacctrosuue L Mexjly HAM MpHHHMaJIO 3Ha- 
yeuusn 250; 500; 1000 u 2000 m. Uepes aBe AHadpparMbr WHamMeTpoM 2 MM, pac- 
CTOAHHE p MEX Ly KOTOPbIMH MOrJIO MeHATHCA OT 5 20 500 MM, cBeT monafas Ha 
«poToymMHoxuTeIH DOY-19. Hanpsxkenus c BHIxoyqa MOY ycusiuBalucb pe- 
30H@HCHbIMH YCHJIHTeIAMH C NONOCOH mponycKaHua nopayKa 2000 ri uw AeTeK- 
THPOBaJIMCb. 

Hanpsxxenua Vi u V2 Ha BbIXOJaX Je€TEKTOPOB, MPONOPIMMOHAJIbHBIe MHTCH- 
CHBHOCTH cBeTa Ha JMacparmMax, NOJBepraslucb CTaTHCTHYeCKOMY aHaJIM3y pH 
NOMOMM CnelHasIbHO paspaOoTaHHOH ammapatTypbl, KOTOpas NMO3BOJAJIa HeNMO- 


cpeacTBeHHO u3MepsaTb: a) Vi; 6) [Vi—Vi]?; 8) vacroTHEMi cneKTp duryKTyaunit; 
r) pacipeyemenne Bepoatuocteli bayKryaunit V,’= Vi—V,; a) (V1—V’2)? = D?. 
TlocuieqHAA BeNMYMHA MO3BOJIAIa paccuHTaTb KkoappuvWNeHT KOppeJAluu 
dbayKryaunuh R = | — D?/2(V,—V;)?. 

Jat BOSBELCHHA B KBaLpaT UCNOMb30BaIUCb CHEMHAaIbHO NepeeaHHble 3J1eK- 
TpOAHHamMuyecKHe BObTMeTpHI. J]ad wYacTOTHOTO aHawIH3a Obi paspadoTaH 
CHelWaJIbHbIM YaCTOTHBIM aHalu3aTop c uama30Hom oT 0,05 yo 1160 rn. Pac- 
TIpeMeJICHHA BEPOATHOCTeH UCCeAOBaHCb MPH MOMONLM 25-KaHaJIbHOrO aHaJH- 


3aropa. AnnapaTypa aBTOMaTHYecKH OGecneuMBasia paBeHcTBO Vi=V2. 

OHOBPpeMeHHO C H3MePpCHHAMH MepllaHHA MPOM3BORMIMCh U3MepeHuA cpel- 
Heli TeMnepaTypbl H CKOpocTH BeTpa Ha BbicoTax 0,5; 1; 2; 4; 8 u 12 Mu Ha- 
paBuleHue Betpa. Ha ocHoBe STHX H3MePeCHHH MOMKHO ONPeeIATh XapakTepH- 
CTHKH TypOysleHTHOrO pexuMmMa aTmocdepn (1°,14), KOTOpbIe HCMOMb30BaIHCE 
MIpH ahaJIH3e pe3syJIbTaTOB H3MepeHHi. 


Pe3yMbTaThH U3SMeEPeHUL 


l MWyHKUHA pacnpewenenuan HAYKTYaWUH UHTeH- 
CHBHOCTH cBeTa. JIA NpoBepKH THNOTe3bI O HOPMAaJIbHOCTH pacnpelt 
JeIeHHA IMMMpMyecKHe (PyYHKUMN pacipeseeHHA CTPOMIHCb B TaKOM MacuTa6e, | 
B KOTOPOM STOT 3aKOH BbIpaxkaeTcaA NPAMOM MMHMeH (OMMH H3 TaKUX rpaduKosB} 
mpuBeyeH Ha puc. 1). Brio o6paborano oKoo 100 smnupuuecKux (by HKILMH | 
pacnpegetenua. Bce OHH yOBJICETBOPHTeIbHO COTaCcylOTCA C THMOTe3OH O JIO-| 
rapWpMMYeCKH-HOPMaJIbHOM 3akoHe pacnpesenenua J. Mcnomb3ya STOT 3aKOH, 


MOXHO BbIPasuTb BeMYHHYy o°= [In/ — In/]?, Bxogzsamyto B Teoputo (cM. (2), 
yepe3 SKCMCPHMeHTAIbHO HaGJOAaeMble BeMUHHBI 


=mnft+S CF) — | (5) 
UG 


Mopmyvia (5) UcnOb30Basacb UpH I Hel O6pa6orkKe 9KcHepHMeHTAIbHBIX| 
JIAHHBIX. | 

2.3 aBUCHMOCTH BEAHYHHH MEPMaAHUA OT pacctTos-+ 
Husa”. B omucpiBaembiX 9KCHePHMeHTaX HE MPOW3BOAMJINCb O/HOBPeMeHHBI 


* B uw3mMepenuax MOWeNan yuactue JI. B. Tepenrnesa. 
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I3MePeHHA O° Np pas/IMUHBIX 3HayeHHAX L. Tlostomy mpexkye vem npoH3sBOAHTb 
-ONOCTABJICHHe SHaYeHHH 9°, NOMYUeCHHBIX KaK mpM pa3mMuHEX L, Tak H lIpH 
JASMYHBIX METCOPOJIOFHYeCKHX YCJIOBHAX, HEOOXOAMMO UCKIIOUNTh nocser- 
iu cbakTop. HanOouee npoctsim cnoco6om MmpHBeleHHs JaHHbIX Ha6uJ10eHuhi 
< OAHHAKOBBIM METEOPOJOFHYECKHM YCJIOBHAM SBJISeTCA OCpeHeHHe BCeXx 
SHayeHHH 9%, ~~ MOJTY4eHHbIX 
pH faHHom L 4u pa3uHuHbIx 
METCOPOJIOPHYeCKHX YCJIOBHAX. 
Tlomyuenupie TakHM o6pa30m 
3HaYeHHA MPHBeAeHbI Ha Puc. 2, 


2 BPM FL ERT BVO (paeyee. 15 05 / 2km 


Mf a ZZ —— 


Puc. 1. Wurerpambuoe pacmpezenenue BeposTHoctel Puc. 2. SapucumocTb o? or pac- 
(J <n) untencusuoctu cBeta. To oc a6cynce ctosnua. Ludpbi Ha rpaduke yKa- 
(ractuTa6 $= lorapudbmu4eckui, no ocu OpqMHaT OTKaybI- 3bIBalOT Ha YHCJIO H3MepeHHit [IA 
haeTcA (byHKWMA, OOpaTHad MHTerpayly BeposATHOcTeit Kaxkoro paccTOAHHA 


[3 KOTOPOrO BHAHO, YTO 3aBHCHMOCTb S* or paccrosHuA L yROBMETBOPUTeIbHO 
horviacyetca c TeoperuyeckoH o?~L"', K ananorHuHbiIM pesyJbTaTaM MpH- 
uen B. A. Cyuxos ("*), uccneqoBaBmnii dayKryalluu npn pacnpocrpaneHnn 
ByKa B atTMmocdepe. 

3. KoppeaamuvoHHan MYHK- 


kua daykTtyamuh nutTrencus- Pa er ny ae 
koctu cBerTa. IIpu usmMepennax Koacp- L=1000m | L=2000m 
puMeHTa KOppesiauHH R paccTosHHe p Sa (RO AMCEED RAM 


fexKqy WuacdbparMamu Bcerja ycTanaBsu- 


faylocb Tak, 4TOObI BemMuMHa p/ VAL 
KpHHuMayia 3HayeHHA 1/4; +/,; 1; 2; 
| u 8. Viamepennbie 3Hayenua R uMeIoT 
|papruresHo OosIbLUOH pas6poc. OaHAaKo 


15 [22 (3,5 | 16 | 26 | 35 


fost 20 |26 |46 [48 |26 |40 
mV AL/v, |0,31/0,26|0,30)0, 35/0, 31)0, 36 


CpeHeHHbIe pH pa3JIMUHbIX (HKCHpo- 
laHHbIx L 3HaueHHA R xopouio corviacyioTca pyr c Apyrom. Ha pue. 3 ua- 


lecenpt 3Hauenua R ana pasnuuapx p u Lp cynkuua or p/ VAL. Ipu 
Peroux snauenuax ¢/VAL R<O, To waxogurca B cormacHu c Teopuell. 
/akuM OO6pa3s0M, MOJYYeHHbIe pe3yJIbTaTb! MOATBepxXaloT 3aKOH No_OOuA R = 
I R(o/V iL). 

| 4. UacroTHpre cneKkTpbh PayKTyamuH HHTeCHCHBHOCTH CBe- 
a. Bpio o6pa6otaHo oKoIo 80 YacTOTHBIX CMeKTpOB, MOJIYSeHHbIX Ha pac- 
lronuuax L=1000mu L=2000 m.Cnektpaububle MIOTHOCTH, OTHOCALHeECH K Kaxk- 
OMY H3 9TUX paCcCTOAHHH, ObiIM pa3sOuTbI Ha Tp Ppynlbl, B 3aBHCHMOCTH OT 
JOCTAaBJIAIOULeH CKOPOCTH BeTpa Un: ImM/cekK< Un 2M/cek; 2 M/ceK< Un < 
3 m/cek; 3MmM/cekK<U;,<4 M/cCeK, M reOMeTpH¥ecKH OcpeJHeEHbI BHYTPH 
axxo rpymmp. Ha puc. 4 npuBeyena rpynna kpupbix fW (f), nomyyennasi 
akum oOpasom. UeTKO BUAHO CMelleHHe YacTOTHOrO CieKTpa BIIpaBo IIpu yBe- 
ju4eHHM Up. Cormacno copmy.te (4) gactota fm, Ha KoTopoli [W (j) mpHnumaerT 


}aKCMMasIbHoe 3HaveHHe, ompefeinetca coorTHoweHHem fim = const:U,/WVAL. 
| Ta6s. 1 mpHBeyeHbl 3HayeHHA Up, fm U = VRE OR. Kak BHJHO H3 TAOJHILBI, 
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nenuuuta fin VAL/Un AelCTBHTebHO TIOUTH MOCTOAHHA, UTO HaXOAMTCH B XO- 
pollem coracu ¢ 3aKOHOM moqoOus (4). Jina 6oslee NeTasIbHOH MpOBepKU STOTO 
3AKOHa HOLOOMA CHeKTPbl HaHOcHJMch Ha rpacbukax B OespasMepHEIX KOOp/MHa- 


Puc. 3. Koppessunonnaa (pynkuua) R (ep / YL). Beprukaabuas vep- | 
pra —5% goBepurebHpIit uHTeppan. a— 2000 m, 6 — 1000 », 
6— 900 m, e—cpefHee AA Bcex paccTosAHHit 


L=000M 


0B (6 G2 64 19 26 61 102 204 40 820 UA 08 18 32 H 19 26H 102 204 410 B20 244 


fF — 


Puc. 4, Uactorupre cnekTpbl @ayKtyaunii} unrencuBHcoTu cBeta. | —v, = 1,5 m/ceK; 
2— 2,2 m/cex; 3—3,5 m/cex; 4—1,6,m/cex; 5— 2,6 M/cex; 6 — 3,5 M/ceK 


Tax In I ; I w (7 \, PesyibTaTbl Tako OOpaOoTKH Ja JonomHMTeHHAC 
Peele allies ee 


NOATBepKeHHe 3akOHa MoMo0Oun (4). 


PesioMupys, MO%KHO OTMeTHTb, UTO TOJlyUeHHbIe Hamu SKCMepHMenTasDbHbs 


AaHHbIe HaxOJATCA B yOBJETBOPHTeIbHOM COrJaCHH C OCHOBHBIMM BBIBOsa 
TeOpHH, C(OpMYJIMpOBaHHbIMM BBILIe. i 


Uncturyrt ju3suKu aTmocdepsi 
Axajlemun Hayk CCCP 
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BHO®H3HKA 


HW. E. 3JIbBMMHEP u A. B. COKOJIBCKAA 


JEMCTBUE YJIbTPA3BYKA HA HEKOTOPBIE BEJIKH 
HW AMMHOKUCJIOTbI B 3ABACKMOCTH OT TIPHPOJIbI as 
NPHCYTCTBYIOWELO TA3A 


(ITpedcmaeaeno axademuxom A. H. Onapunoim 17 VII 1958) 


| B mpegpiqyuem cooOmennu (1) Obiwio MoKa3aHO, 4YTO MO, JelicrBueM yubTpa- 
BYKOBbIX BOJIH MPOMCXOAUT paciileneHve OeIKOBbIX ¥aCTHIL C O6pa3s0BaHHeM 
joylekyJ1 OeKa C MCHbIIHM MOJI€KYJIApHbIM BecoM. OgHako Takoe paculemse- 
Me OeJIKOBBIX MOJIeKYJ HaGMMO{aOCcb TOJbKO BO BPeMA OSBYUMBaHHA B IIpHCyT- 
(BMH KYCsOpoya. B TO BpeMA KaK HasMUNe BOOpOa B O3SBYYHBAeCMOM paCTBO- 
2 IIpHBOAMT, HAaOOOpOT, K YBeJIMYeHHIO MOJIeKYJIApHOro Beca HCCIeAyemoro GevKa. 
|} OT Mpupogbl rasa saBHcsT xXapakTep HM HanpaBsieHHe Take paqa Apyrux 
AMMYECKUX peaKI[MH, BbISbIBAeMbIX YJIbTpaSBYKOBbIMH BOJIHaMH. Tak, HampuMep, 
} IPHCyTCTBHM B O3BYYMBaeMOH BOJe KHCOPOa HM a30Ta CHHTE3MpPylOTCA OKHC- 
SI a30Ta, a B MpHCyTCTBHM BOJOposa HU a3s0Ta — aMMHAaK HM COM aMMoHHA (%). 
a OCHOBaHHH STHX JaHHbIX Mbl BbICKa3aJIM Mpe{MONO*KeHHE, UTO B KABMTAILHOH- 
oH MOJIOCTH B pe3YJIbTATe BO3HHKHOBCHHA SJICEKTPHYeCKOTO Hallpa2xKeHHA WOHH- 
IPYIOTCA HIM JMCCOWMMpYIOT He TOJIbKO YaCTHUbI BOA (°), HO H MOseKYJIbI 
ipdpyHyMpyrollero croya rasa. 
B HacToslleM CooOlleHHH TIpHBOJATCA JaHHble, MOKa3bIBalOlve, YTO Ha Te- 
HHe XHMHYeCKHX MpOIeccOB B TOJe YJIbTpa3BYKOBbIX BOJIH OKa3bIBalOT BJIMA- 
jie u Takuve ra3bl, KOTOpble He OOJlaqaloT peaKIMOHHOH CIOCOOHOCTHIO, T. e. 
(epTHbie rasbIl. Bovsiee Toro, OKa3aJlOcb, 4TO pa3Hble VWHeEPTHbIe Ta3zbl pa3Ju- 
HIOTCA MexKy coOol B STOM OTHOLIeHuH. 

B wae pa6oTre MbI NOsb30BasIMCcb ABYMA MHepTHbIMH TrasaMH — aprokoM 
; remem. [a3bl TULaTeJIbHO OCBOOOX%KAaIMCb OT KHCJIOpOfla MeTOJOM, Mpesio- 
fHHbIM KaHTopopuyem u Panonoptom (*), NyreM MponyckaHuA uccJleqyemoro 
}3a uepe3 KOJIOHKY, HallOJIHeHHYyIO WapwKaMM CHJIMKarewiA, NOKPbITbIMA Kpac- 
))H MeJb10. 
| OGpekTOM UCCeOBaHHA CJIY2KHIIH OeuIKH, AMMHOKHCJIOTHI M Apyrve opra- 
fuecKHe coequnenua. KpuTepvem jit Cy2eHHA O CKOPOCTH XHMHYUeCKHX 
OWeCCOB, KOTOPbIM TMOfBepraloTCA BeleCTBA B MOJe YJIbTPaSBYKOBbIX BOJH, 
byxxuuio KOJIMUeCTBO (hOpMasbyerusa, MOABJIAIOWerocA B BOJHOM pacTBope 
‘BYUMBAeMBIX OpraHHyecKHxX posykToB. HanomHum, TO, NO CBuyeTebCTBYy 
Ina yiccIeqoBaTeieH, B BOJHbIX paCTBOpax OeJIKOB, AMHHOKUCJIOT, YrJIeBOLOB 
pyrux OpraHMueckuxX CcoeMHeHHH Nog WelicTBHeM YJIbTpaaKyCTHYeCKHX kovle- 
HMM, KaK TpaByvio, NOABJIAIOTCA aJibferuAbl, B YaCTHOCTH cbopmavibserny (°,°). 
(faimune B pacTBope (bopMasbyernya MbI ONpeevAJIM Ha OCHOBaHMM peaKIHH 
\onequero c (PeHHJITH{pa3HHOM HM IleJIOUHbIM paCTBOpOM Ks[Fe(CN)c]. 
|} UcrournKoM YJIbTpa3sByKOBbIX BOJIH CJIY2KWJI Mbe30KBapleBbIM TeHepatop, 
‘jucanupiii B mpexHux coo6uleHuax (*). UacToTa HCHOMb3O0BaHHOrO YJibTpasBy- 
4 coctaBasasma 380000 ri, HHTeCHCHBHOCTb KoseOaHHi 3—4 BaTT/cM’. 
Kak BHqHO u3 JaHHbIx Ta6. 1, B BOJHbIX paCTBOpax pAja AMMHOKHCJOT 
HHKOKOJI, aJlIaHHH, Ce€pHH, PlyTaMMHOBaA HM acllaparuHoBax KHCJIOTbI), HacCbl- 
hHHBIX KHCJIOPOJOM, JeHCTBHTeIbHO, NOX BAMAHHEM YJIbTpaSBYKOBbIX BOJIH 
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noABseTca PopMasbAeruy. OHako HanOoubulee KOMMYeCTBO POpMavIbAeruAa (Hi 
30—40 % Sosublee, 4eM MPH HacbILeHHH KHCIOpOJOM) Noy 4aeTca B Cyyae Mped 
BaPHT@IbHOFO HacbILleHHA pacTBopoB aproHom. HacpijeHHe TeIHeM mO4T) 
He COMPOBOxKaercA YBeIMYeHHeM CKOPOCTH OTINeNMeHHA PopMasbAerusa oO 
AMHHOKHCJIOT. 


Ta6auua 1 


Bausnve ra30Boi cpeqbl Ha BEIXO, dopMasbyzerufa, OOpasylouleroca B O3By4H- 
BaeMBIX BOMHLIX paCTBOpaX pa3/IMYHSIX OeMKOB HM OpraHuyecKux BemecTB (0,1%) 


KouuecTBo NOABHBIUIeroca op- 
Masbgerufa B y/MiI (y = 10-°) B 


TlpoqouKu- MIpHcyTCTBHH CwIeMyIOUlHX Pra3soB 
TCJIBHOCTb SS ee 
Haspanue BelllecTBa osBy4HBaHHA, 

haga Bo3sayxa aproHa reJIHA 

Tnukoxou1 180 OFZ Dds 0,8 

47.0 2,0 0,8 

— 2,6 On2 

AgaHui 180 0,8 2,6 APO) 

O72 ye, 0,6 

Cepui 180 1,4 One 150) 

1,6 Dag 1,0 

3,0 1,0 

AcnaparuHopan K-Ta 180 1,0 3,0 0,6 

Ae oo. 0,8 
TyTaMHHoBad K-Ta 420 0,6 ae iL @ | 
072 2,3 1,2 | 
KetorsiyTapoBaa K-Ta 120 2,4 16,8 2,0 | 

Dh. D A Se2 3,4 

“1 fe Ais, 4,0 

iA 14,2 — 

Auwpilt anbOymuy 60 Ae) Dee 0) 

0,6 3,0 0,4 

— 20 1,6 

— PayesJe 1,0 

CeIBOpOTOYHbIH abOyMHH 60 On Qe. AO 

On a7 AZ, 

0,4 3,0 1,0 

Tmoxo3a 120 12 2,0 dee. 
ihe AV) 1,0 i 

1,2 2,0 0,6 
AnasIOrH4Hble pe3yJIbTaTbI NOMYYCHbI IPH H3yYeHHU CKOPOCTH es 
tbopMasIbJeruya B O3BYYHBaeMOM BOJHOM PacTBOpe 4-KeTOryTapOBOM KHCJOTH 


B 9Tom ca1yuae BbIxog HCOH B npucyteTBuu Bosqyxa coctaBsanet 2,4—1,4 y/mi 
OyHakO BbIXOA STOH peakUMH yBeMuMBaeTcA B 6—7 paz (16,8—14,0 y/mi 
Mp BBeJeHHH B pacTBOp aproHa BMecTo Bo3szyxa. Tenuit xe, B OTMMUHE OT ab 
TOHa, OCTae€TCH MeHee€ AaKTHBHbIM B 3TOM OTHOLICHHH. 

Takwe K€ 3aKOHOMEPHOCTH BBIABJICHbI H B OTHOWICHHH HCCIeOBaHHH 
HaMH AMYHOFO HW CbIBOpOTOUHOrO abOymuHoB. Hapayy c 9THM Obl0 O6Hapym# 
HO TakKe, YTO B MPHCYTCTBHM aprOHa 3HaYHTebHO YCHJIMBaeTCA KOary.upy| 
uee JeHCTBHE yJIbTPa3ByKOBbIX BOJIH Ha OeKOBbIe pacTBopn. JaxKe cprBOp 
TOUHBIM aIbOYMHH, OObIMHO KOaryJIMPYIOWM MMWIb Mp MIMTebHOM O3BYy i 
BaHHu (2—3 4aca), B MpHCyTCTBHH aproHa aeT OOM/IbHbI OcaqoK OenkKa yi 
moce 60-muHyTHoro OOmyyeHHa. UTO KacaeTca reiuA, TO 9TOT ra3, oven 
HECKOJIBKO YrHeTaeT Mpolecc KOaryJIAWMM OeKa B MOe YIbTpa3sByKOBbIX BOM 

EcTb OcHOBaHHe JyMaTb, TO B MpHCyTCTBHM aproHa ycuMBaeTca mpomd 
AMCCOUMALMH BOXbI B KAaBMTALMOHHOK momocTu. O6 sTOM CBMAeTebCTBYeT Ha} 
HaQJMOAeHHe, YTO MOA AelicTBueM YAbTPa3BYKOBbIX BOMH XJIOPHCToIit Meru 
CH2Cle aer HOBOe OpraHHyecKoe coequHeHHe, BbIMaaioulee B OCaOK B TBS 
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(OM COCTOAHHH. OueMentapHbii XHMHUECKHH aHaH3s STOTO COeMHHEHUA M03Bo- 
| HJI YCTaHOBUTb ero sMmMpuyecKylo opMysly, KOTOpaa OKa3aacb C1oH,OsCle; 


(HpakpacnHan :OTOMeTpHa NOKa3asa, YTO B 3TO BeeCTBO BXOLAT payqukaJn: 
fo— O, C=C u CH (pune. 1). 


= 
> 
Sonya oie 
os 
S 


Puc. 1. Kpupbie undpakpacHoit d@oTrometpuu. a— napadunoBoe’ macs," 6—nccwe- 
Ayemoe BelleCcTBO B |NapacHHOBOM Macsie; Mosoca norsomeHua npx 3,03 pnpuH- 
HaexuT rpynne — OH, npx 5,76 w rpynne C=O, npu 6,23 uw rpynne C=C 


BaxKHO OTMETHTb, YTO CKOPOCTb OMHCbIBAeCMOFO CHHTe3A TaK2%Ke 3aBHCHT OT 
IPHpOfbl Ya3a, KOTOPbIM MPeABapHTebHO HacbIllaeTCcA OSBYYHBaemasA cpesa. 
aK BHJHO H3 pc. 2, BbI3bIBAeMbIM YJIbTPa3BYKOBbIMH BOJIHAMH CHHTe3 
110H,OsCle mpotekaeT MeJJIeHHO B cpese a30TAa, HECKOJIbKO ObicTpee B BOSAYUI- 


00200 - ¢ HOH cpefe HM BecbMa ObICTpO — B apronHe, B TresHH xe, 
y HaoOopoT, mpomecc 3TOT pe3KO yrHeTaeTca. 
J Ecau yuecTb, 4YTO B COCTaB HOBOrO CHHTe€3HpOBaH- 
gorso HOrO BeLL€CTBAa BXOJMT KHCJIOPOA, TO HCTOYHHKOM I0- 
iN j cJleqHerO B MIpHCyTCTBHH aproHa OJKHbI CTaTb Mpo- 
nan G AYKTbI PaculenJIeHHA MOJIEKYJI BOZbI, TAK Kak B Mmpotecce 
* iY MNpeABapHTebHOrO HaCbILeEHHA PaCcTBOPa aproHOM KHCJIO- 
q j PpOJL BbITeCHAeCTCA H3 HCCIeLyeMOH X%KUAKOCTH (NpoBepeHo 
€ as 7 nosaporpapuyecku). Orciolla culeqyeT, uTo mpHcyTcTBy- 
<6) 
‘& y 
0 Z Puc. 2. Jleficrsue ybTpasByka Ha cmecb H,O + CH,Cl, np Hacbi- 


ILCHHH CMeCH aproHOM, BO3yXOM, a30TOM H TesHeM. Pa3BeqenHe 
TlepBOHAaYaJIbHOH cycueH3HH — B 30 pa3, BpeMA O3BY4HBaHHA O MH. 


Jenuu 


(OHH B pacTBOpe aproH YCHJIMBaeT MpOleccbl OKUCIEHHA B pesysbTaTe O6y- 
CIOBJIEHHOrO HM OOvlee HHTCHCHBHOrO pacnajla MOJIeKyJI BObI B OSByYHBaemon 
BOJHOH cpesle. 

OyHako, m0-BHJMMOMY, YCHJIHBalomlee WeHCTBHe aproHa Ha MpOleccbl OKHC- 
JIQHHA, MPOTeKAtOlHe B MOMe YAbTPaSBYKOBbIX BOJIH, 34BHCHT OT CTPOeCHHA H 
ocoGenHoctell pearupyioulHx BemjecTB. B cnellvabHO MpOBeCHHbIX HaMH OMBI- 
TaX MO BbIACHCHHIO BJIMAHHA Pa3JIMYHbIX Ta30B Ha MPOWeccbl OKHCJICHHA HOa 
MO, BOSelicTBHeM YJIbTPa3BYKOBbIX BOJIH BLIACHHJOCb, 4TO KOJIMYeCTBO Hola, 
BbileMBUeroca mpH 20-MHHYTHOM O3By4yHBaHHH 1% pactBopa KJ B aTMo- 
etbepe Bosayxa cocTaBiAs0 OT 250 no 480 y/ma, B cpeye aproHa OT 16 no 44 y/ma, 
a B IIpucyTcTBuM reiua — Bcero 5y/mi. TurpoBaHue Hoja MpOusBOAMNOCb TH- 
NOCYbHTOM B Pe3KO KHCJIOH cpefe, YTO HCKJIOUAO BOSMOXKHOCTh HaHNHA B 


pacTBOpe HeOTTHTPOBaHHOTO HOJa B Bue HOHOB 3) ae 
PesybTaTbl MPpOBeACHHEIX HaMH SKCM€PHMCHTOB HE TOMbKO yKa3bIBaloT Ha 
BO3MOXKHOCTb PeFryJIHPOBaTb TeYeHHe XHMHYECKHX MPOMeccOB B O8BY4YHBaeMOH 
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BOJHOHM cpele, HO H OTKPbIBaOT HOBbIe M€PCMeKTHBEI B PacliHpoBKe MexaHH3Ma 
xumuyeckoro (HM OMOsOrMYuecKOrO) elcTBHA YJIbTpa3sByKOBbIX BOJIH. YKarKeM, 
HalpHMep, 4TO «KaTaJIHTHYeCKOe elicTBHe> HHEPTHBIX Ta30B, BEPOATHO, OCy- 
IN€CTBJIA€TCH B KABHTAaIMOHHbIX MOJIOCTAX, Te ITH Ta3sbl CBOHM IIPHCyTCTBHeM 
OKa3bIBaloT BJIMAHHE Ha HHTCHCHBHOCTb yJIbTpa3ByKOBoro cBeyeHHsA (8°). OWHa- 
KO, II0O-BHHMOMY, PeUb HJeT 3eCb HE TOMbKO OO YCHJICHHM WIM yrHeTeHHH HH- 
TCHCHBHOCTH YJIbTpa3BYKOBOTO CBeYeCHHA, HO HW O pa3JIHYHOM BJIHAHHH Pa3HbIxX' 
ra30B Ha XapaKTep STOTO H3JyYeHHA, YTO NOMWKHO OTPa3HTbCA Ha HampaBue 
HUM (OTOXHMMYCCKHX peaKI[HH, OOYCJIOBJICHHbIX 3THM H3J1y4eHHeM. 


UuctutyTt Ouvomornueckon du3suKu Tlocrymua10 
Axkaylemuu Hayk CCCP 17 VII 1958 
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Jlokxzagn Akafwemun Hayxr CCCP 
1958. Tom 123, Ne 4 


TEXHHYECKAA ®H3HKA 


r. WH. EMUPAHOB, H. HW. PIAPOJIEB u axangemuk Il. A. PEBAHHJEP 


‘BJIMAHHE MOBEPXHOCTHO-AKTHBHbIX CPE, HA TOBEPXHOCTHDbIM 
HAKJIEM,METAJJIOB = }§©}©=— 


IIpH paccMOTpeHHH ABJIeCHHA YMpOUHeHHA MeTamJIOB cuekyeT pagiuuaTb 
HCTHHHOe HU 9t:pdpekTHBHOe yMpOuHeHHaA. 
_ WUcrnnxoe ympounenue miockocTe CKOJIbxKeHHA BbIPaxKaeT YBeIHYeHHE CO- 
MpOTHBJIeHHA CABHrY BAONb LaHHOM MNOCKOCTH MO Mepe pocTa BeJIHYHHbI a6co- 
|MOTHOTO cABHra. OHO BbI3sbIBaeTCA TeM, 4TO MO Mepe CMeLLeHHA OHOH uacTH 
KPHCTaJ1a OTHOCHTeJIbHO pyro B y3KOM Mooce, pacnouaratollelica y m10CKO- 
CTH CKOJIbKCHHA, HAKAaMJIMBalOTCA HeETOMOFeHHble CMeWLCHHA AaTOMOB, HCKa2Kalo- 
‘mue pelieTKy WH MpenATcTByloulMe CBOOOAHOMY MpOxoxeHHio cABHra. Ympou- 
‘HeHHe MJIOCKOCTeH CKOJIbxKCHHA MOXKHO BbIPa3HTb KOJMYECTBEHHO HCTHHHBIM 
‘KoosppuuHeHTOM ympouHeHHA Rk: | 


k= dz/ds, ence 


rye t —MpedeibHoe KacaTebHOe HallpsxKeHHe, S — BeJIMYHHa aOcOJIIOTHOTO 
‘cjipura. 

_ OddekTHBHOe ympouHeHHe OTJeNbHOrO 3epHa KaK MOHOKPHCTaJJla XapaKkTe- 
‘pu3yeT YBesIMYeHHe CONPOTHBJIeCHHA MeTaJJIa MJlacTHYecKOMy JecbOpMH poBaHHlo 
‘m0 Mepe pocta JepopMalluH Hu BbipaxkaeTca 9PPeKTHBHbIM KOS@PHILMeHTOM 
‘ympounenHua 2: 


rN = dt/da, (2) 


re @ — yJeuIbHbIM KpucTalorpaduyecKH CABHr B 3epHe. 
Mexay Rk u i cyulecTByeT cBa3b (*) 


Ne ike, (3) 


rhe h —cpeqHAA TOWMHa Mayek ckOb2xKeHHA. M3 cooTHomenha (3) BuLHO, 
yTO adekTUBHbIN KOSPPHUMeEHT YIPOUHeHHA 3aBHCHT He TOJIbKO OF MCTHHHOH 
YMPOYHAeMOCTH MIOCKOCTeH CKOJIbxKCHHA, HO Take H OT «cTeMeHH AucneprH- 
pOBaHUA» KpHCTaJa pH LepopMupoBaHHn. 

MuorouncuieHHbimMu paOoTamu (?) yCTaHOBJIeHO, UTO MOBepXHOCTHO-aKTHBHbIe 
Cpebl BbIZbIBaIOT MOHHKeHHE IIpedea Teky¥ecTH HM YMeHbUIeHHe spPPeKTHB- 
HOrO KOSipuuUMeHTa YMpOYHeHUA MeTa0B A. OTciofa HepeAKO enaeTcA BbIBOL 
© «pa3syMpouHsAollem> AelcTBHH STHX Cpex. OfHakO yuer cTeneHH ucreprupo- 
BaHHA MeTaJlla, KOTOpad pe3KO YBe/IHYMBaeTCA B MPHCYTCTBHH AKTHBHBIX cpey (?), 
noKa3piBaer (1), uTO CpeAbI BbISbIBaIOT HE YMeHbIWeHHe, a HAOOOpPOT, 3HayHTeIb- 
Hoe (B HeCKOJIbKO pa3) YBesIHYeHHe HCTHHHOFO KOSpPuUMeHTa ynpouHeHHaA k, 
JelcTBYA KaK CHJIbHbIM ympouHAoujMu dakTop. 

J]s HemocpeACTBeHHOrO BHIABJICHHA YMpOuHAIOMerO JeHcTBUA Cpe Heo6- 
XOJMMO peasIH30BaTb TaKHe YCJIOBHA ONbITa, B KOTOPbIX STO AelicTBHe ObIIO ObI 
OCHOBHbIM H B BO3MO2KHO MeHbIIIeH CTeMeHH MACKHpOBaslocb MMcHeprupyrouluM 
Jelicrsuem cpex. Tlogo6uble ycioBuA ObIIM BIepBbIe OCYUIeCTBJICHbI B OMbITax 
T. IO. Jlto6umosoit (°), ucceqoBaBIlelH BIMAHHe Cpe Ha NOBepXHOCTHBIM Haken 
MeTaJIJIOB, BbI3BaHHbIM WapOBOH ONOpoH TAxKeNOrO (usuyecKorO MasATHHKa, 
u B onmpitax I]. JJ. Hosoxpemenosa (*) no uccileqOBaHHIO 3HakOMepeMeHHOrO 
KPYYeHHA MOHOKPHCTaJJIOB HM MOJMKPHCTaJIMYeCKUX OOpasioB o0Ba. B oOoHx 
cryyaax ObvIoO MOKa3aHO, TO cpesbI, OOerualouMe HayaIbHOe CABHTOOOpas3o- 
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BaHHe, T. €. TOHHKalOu[He MIPOUHOCTb H TBepAOCTb MeTaJiJa, pH nocwexyrmoulem: 


TeOpMUpOBaHHH MpHBOAAT K Oomee CHJIbHOMY efO YMpOuHeHHIO. 
B qaHHOH paOoTe MpHBOAATCA pe3yJIbTaTbl KOMIIJI€CKCHOrO H3YYeCHHA KH- 
HeTHKH (OPpMHPOBaHHA YMpOuHeHHOrO CJIOA NpH NOBepXHOCTHOM Hakvene 


Mann? TEXHHYeCKH UHCTOFO Ke- 
ee jiesa B BO3dyxe HB pxye 
350 AKTHBHbIX Cpe. OkcnepH- 
M€HTAaJIbHO U3 yYaJlOCb 
300 BJIMAHHE HCA 3aaHHbIX 
BO3eHCTBHH HakJIeMbiBa- 
250 ‘o_.| —omero uuctpymenta (po- 
“ JIMKa) Ha MAKPOTBepJOCcTE- 
200 MOBepXHOCTH o6pasila, 

if 
0 CHJly TpeHHA, CTpyKTYpy 
150 Ja Oy HakJlemaHHOH © MOBepXHO- 
rn <. oe ee 1 oe ee CTH, O6beM JIYHKH, BbIaB- 
e 100 0 JIGHHOH =UHCTPYMeHTOM, 
AM G9 199 75 val) 200 yeu bHY!O pa6oTy Ha- 


fi Klena H TemMepaTypy B 


Puc. 1. Usmenenve mukporsepgocta™ nosepxHoctHoro cnos KOHTAKTE pO/IHKa C o6- 
2Kee3a WU CHJIbI TPeHHA C POCTOM UHCa» Haklembinajouwux  Pda3ilOM. Jina uccsmeqoBa- 
BosgelicTBuli. Ho— MHKpoTBepfocTh, Fy— cua TpeHHA TPH HHA MPHMeHAJIACbB 3Ha- 
Hakiene B Bosayxe, H, F — To xe mpH Haksene B 0,2% YTebHO YCOBepleHcT- 

PpacTBope CTeapHHOBOH KUCJIOTEI B WeKasuHe 
BOBaHHOM BHe MeTOH- 


Ka T. IO. Jlto6umosoi (°). 
HopMauibuble Harpy3KH Ha poviHK cocTaBsaiu 4 u 8 KI. MuxpoTBepfocTb u3Me- 
pAuacb mpv Harpy3Ke 7 T. 

B kayecTBe mpuMepa wa puc. 1—3 MpHBeseHbl pe3yJIbTaTbI OMbITOB_, Ha 
Bo3qyxe u B 0,2% pac- 
TBOpe CTeaPHHOBOH KHC- 
JIOTbI B JleKaJIHHe. 

C yBeH4eHHeM YHCJIa 
HaKJIe€MbIBaIOWHX BO3sel- 
cTBHH N (uvcsa mpoKarTel- 
BaHHH pouMKa) MHKpo- 
TBepocTb Hy NoBepxHOCT- 
HOFO CJIOA MpH Hakslene B 
BO3YXe pacTeT HepaBHO- 
MepHo (puc. 1), mpoxoys 
yepe3 PA MaKCHMYMOB. 
B NOMHOM COOTBeTCTBHU 
C STHM MeHAeTCA WM cua 
TpeuHa Fy (puc. 1). Pa- “ CEP ee 195 VA AWG 259 
OoTa Necbopmaunu (pa6ota Hf 
TpeHuA) Ay H OObeM JYH- Puc. 2. Vsmenenne paOorsi nacTuueckoro BBIaBMBaHiA 
KH Vo YBeJIH WHBaloTCAa Cc JIY HKH u oObema JIYHKH C pOCTOM UHCJIa HakJienblBaloulux 


+ BosfeHicTBHH. Ay— pa6ota, Vy>— oObeM AYHKA pu Haksene 
POCTOM He NOU eiiriey B Bosqyxe, A, V — To xe pH Haksene B 0,2% pacTBope 
HO ADES: ie b CTeapHHOBOM KUCJIOTH B eKamnHe 
€CbMa xXapaKTepHou 


B@IMYHHOH OKa3aacb JudiepenivatbHan pa6oTa mmacTuyeckoro BbIaBIH- 


BaHHA JIyHKH a@ = dA/dV. Ona JaeT NpelcTaBeHve O CONMPOTHBAAeMOCTH M0- 
BepXHOCTHOFO COA OOpa3siia HapacTalomeH NuacTHuecKoH edopmanuu. M3me- 
HeHHe Q) C yBemuueHHem N(VY) Np Hakwlene B BO3yxe NoKa3aHO Ha puc. 3. 
Kpupaa @ = a(N) umeer Ba MaKCHMyMa: cula6bIli MakcHmMyM npu N20 w 
SHaUHTeIbHO Ooee peskHH pH N ~100. 

H3yueHne MHKpOCTpyKTYpbI HaKJenmaHHOrO ciOM OOpaslia NOKasano, YTO Ipk 
N20 Ha NoBepXHOcTH OOpa3ila NOABAAeTCA TOHKHH TBepAbIi creknooOpasHbiia 
clo, XpyNKO pa3pyWlaloulMlica Mp NocweAyoulux BOsMeHCTBUAX HaKJeMmbIBalo- 
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ero pOuJIHKa, OOHaxKaA CBexKylo caOOyNpOuHeHHYyW NOBepXxHOCTb oOpa3ua.. 
fopoH pas Tako cnoli BosHuKaeT npn N~100. 

_ PopmupoBanue ynpounenuoro cos pH Haksene oOpasila B BO3yxe MOKHO» 
ENCTABHTb CeGe culexyIouNM OOpasom. IIpu npoKaTbIBaHHH pOsMKa BcledcTBHe 
OTEKAHHA MacTHYecKOH NetbopMallHH NOBepXHOCTHBIMi cOli OOpasia ynpou- 
jeTcA. Bpugy Toro, 4YTO TOJUIMHa yNpO¥HeHHOTO CyIOM MaJla, BlaBMBaHve- 
WIMKa B OOpasell H pa3spa- 

ITKa OObeMa JIYHKH MporTeKa- him/nne a 

T MpHOIH3HTeEIbHO JIMHEHHO C 
xceTOoM N. Oguako, Tak Kak c 
XCTOM HakJlela COMpoTHB.e- 
€ MOBepXHOCTHOYO CJIOA Mvla- 
WYeCKOMY OTTECHEHHIO pac- 
T, TO CHa TpeHHA (cua 200 

IaCTH¥eCKOrO OTTECHEHHA Me- 

Jijla) W MOBepXHOCTHad TBep- 

Tb TAKE PacTyT. OTOT pocT & 

JOHCXOAUMT JO Tex Nop, moKa 00 

> HauMHaeT paspylwlaTbca M0- g 
~PXHOCTHBIN § coh. Tlepspiit : 
13 93TO MpoucxoquT npw N= 


500 


- 20, BTopot—npu N~100. 0 ee ee eee aa at 
Opasyloulvecs MpoyKTsI pa3- 7 i a rr, a 2, a 2 
yleHHA XpynkKoro cyOA ur- Mv 2 


a> BCPOATHO, pours TBEpAOK Puc. 3. Usmenenve Auddepenttuanbuolt pa6ots! o6pa- 
fa3KH, CHHKarowleu Fy MQ, 4 g30paHuA JIYHKH C pOCTOM 4HCa HaKNeMbIBaIOULHX BO3- 
SHaxkeHue cBexel ca6oyn- WelicTBuK. Ag — Anddepenunaibuaa pabota mpu Hak 
SUHEHHOM NOBepXHOCTH MpH- “Me B Bosnyxe, @—To xe MpH Haknene B 0,2%. 
yMT K YMeHbUICHHIO TBepfO- | pacTBope CTeapHHOBOH, KHCJIOTHI B WeKasIHHe 

mm Hy (puc. 1). 

_ OTH BbIBOAbI NOATBEPXKLaloTcA H H3MeCHEHHEM TeMMepaTypbl KOHTAKTAa POJIHKar 
oOpa3lloM, H3MepeHHOH MeTOJIOM eCTeCTBeEHHOH TepMOnapbl: TeMNepaTypa pacTer 
o6nactu pocta H, F u au nafaeT pW paspylWieHHH NOBepXHOCTHOrO CuJIOA,. 
MpOBoxKatoulerocn naftenuem H, F u a. 

TlopepxHOCTHO-akTHBHble CpeJbI BbISbIBAIOT Pe3KOe NOHHKEHHE CHJIbI TPeHHsH' 
(puc. 1) u pa6oTbl oO6pasoBaHua ayHKu A (puc. 2). SameyaTebHO, OLHAKO, TO,. 
rO, HECMOTpA Ha Takoe yMeHbueHve F u A, HHTCHCHBHOCTb pa3spaOOTKH JIyHKH 

IIpHCyTCTBHH Cpe, He TOMbKO He YMeHbIaeTCA, a HaOOOPOT, Ha MepBbIxX CTa- 
AAX HakJlela pe3KO BOspacTaeT (puc. 2). DTO C HECOMHEHHOCTbIO CBHJeTeIb~ 
TBye€T O TOM, 4TO MOBEPXHOCTHO-aKTHBHble Cpefbl BbISbIBAIOT 3HAYHTEJIbHOe 
acTHpUulMpoBaHve TOHYALINX NOBeEPXHOCTHBIX CO0eB MeTaJJIa, OOeruatlomulee 
macTHyecKOe OTTeCHeHHe eFO pH OOpa30BaHHH JIYHKH. TombKO 9TO MO3BONAeT 
OHATb, KAKHM OOpa3OM MeHblllai NO BeMYHHeE TaHreHUMasbHan cuia F cno- 
O6Ha BbISBaTb Oosee MHTCHCHBHBIN pocT OObeMa JIYHKH. 

VnTeucuBHO pasBHBalOlMiicA B MpHCYTCTBHH aKTMBHBIX Cpe Mmpollecc oOpa- 
BAHHA JIYHKH ObICTpO HCUepMbIBaeTCA H MPH JasibHeliwwem yBeHyenHu N o6bem 
yHKH V MensteTca upesBbluafino MeqyieHHO. Takada 3akoHOMepHocTb pocta V 
yBenuuennem N HaxoguTcaBNpsAMOli CBASH C XapakTepOM H3MeHeHHS! H (pc. 1). 
. IIPHCYTCTBHH AKTHBHEIX Cpe HavaJibHaH TBepAOCTb OKa3bIBaeTCH MeHbIUe 
3epOcTH, NOsyyarolllelicad pH Hakslene B BO3AyXxe; NO Mepe xe pocta N yBen- 
enne H npu Hakuele B CpesaxX MpOHCXOJNT 3HAUNTeJIbHO ObicTpee, YeEM B BOS- 
yxe, HMocuie, HampuMep, 265 Bo3qeHcTBHH pOMKa MHKPOTBepOCTb NMOBEpXHO- 
THOFO CJIOM, HaKJIeMaHHOFO B pacTBOpe CTeapHHOBOH KUCJIOTbI, OKa3bIBaeTCA 
puMepHo B 2 pasa Bbillle TBepAOCTH COA, HaksenmaHHOrO B Bosfyxe. Takoe 
eskoe BospactaHue H Hapsdy c HH3KHM 3Ha¥eHHeM FH NPHBOHT K TOMY, YTO, 
auHHas c HeKOTOpOrO 3HaueHHA N,OObeM JIYHKM YBCMUMBAeTCA OCHS MCJICHHO. 

TakuM O6pa30M, NOBepXHOCTHO-aKTHBHbIe CpeAbl OKa3bIBaloT Ha Mpollecc Mo- 
epXHOCTHOFO Hakviela MeTaJJIOB WBOAKOe JelicTBue: BceACTBHe acopOmnoH- 
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‘HOFO MOHM2KeCHHA MPOUHOCTH OHH OOserualoT MpoTekaHHe MWacTHyecKOH jeco 
MallHM Ha MepBbIX CTaqMAX Hakslela H BbISbIBAIOT HHTEHCHBHOe YMpOuHeHHe MI 
BePXHOCTHOFO CJIOA Ha MOCMeAYIOWIMX CTAaqMAX HakJlena, KOra He MpOHCXOM} 
yxKe 3aMeTHOTO YBeIHYCHHA UHC/la BHOBb BCTYIalOWlMX B paOOTy lOcKocTe 
CKOJIbIKCHH A. 

B MOMHOM COOTBETCTBHH C PpaCCMOTPeCHHbIM XapaKTepOM BJIMAHHA AKTHBHBI 
cpel, Ha cHly TpeHHA, paOoTy MacTH4ecKOrO BbILaBIMBaHU JIYHKH H OObe 
_JIYHKH MIpOWCXOUT U3MeHeHHe yebHOM paOoTbl Hakvietla (pic. 3): OHa 3Ha4y 
TeIbHO (B 2—4 pa3a) MeHbILe yHebHOK padoTbl OOpa3s0BaHHA JIYHKH B BO3AyX 
Ha IIepBbIX CTalIMAX HakJlena HM MpeBOCXOAMT ee Ha MOCMeMYIOWIMX CTaqMA 

Ympounsmoulee H MacTupuyupyloulee AeMCTBUA AKTHBHBIX Cpe MOryT OK 
3bIBaTb CYULCCTBCHHOe BAMAHMe Ha Mpolleccbl xONOMHOH OOpaOoTKH MeTaJJO 
IIpu pesaHuu MeTaJIOB, HampHMep, CpefbI, BbISbIBalOlHe Oojlee HHTCHCHBHO 
YMpOUHeHHe MOCKOCTeM CKOJb2KeHHA, CMOCOSCTBYIOT Oosee ObICTPOMy HX HCYe 
MaHuM10 HW MepeBosy MeTaJsa B MpeemtbHoe coctosHue (1,°). IIpu m0Kann3alM 
9Toro AeHCTBHA B Y3KOH 30He pa3pylWeHHA OTAeNeHHe MeTaIa B CTpyKK 
TIPOHCXOQUT Mp 3aMeTHO MeHbillel cTemeHH ero OObeMHOrO JepOpMHpOBaHHuA 
YIPO4HeHHA, UTO MIPHBOAMT K YMeHbILeHHIO cHuibl pesaHua (°%,’). 

Ajcop6uHoHHoO-nuacTupulupyroulee JelicTBve cpeq, OOneruand MlacTHuecKO 
TeyeHHe B TOHYAHLIMX COAX MOLpesWOBOH CTOPOHbI CTpyXKH, YMeHbillaeT Ta 
‘TeHUHaIbHOe COMPOTHBMeHHe, KOTOPOe MPHXOAMTCA MpeokOeBaTb CTPyxKkKe Mp 
‘MepeMeuleHHH MO NepesqHeH rpanu pesila. BueliHe 9TO AeHcTBHe BOCIPHHUMAaeTCs 
KaK YHCTO CMa304HOe, XOTA HCTHHHAA MpupoOa ero, KaK BHM, COBeplleHh 
uHad. CyeqcTBHeM mofoOHoro AeHcTBUA Cpe MOXKeT ObITh 3aMeTHOe YMeCHbII 
HHe CTelleHH OObeMHOrO JetpOpMHpOBaHHA CTPYXKKH MH MOBEPXHOCTHOLO COA H3Ih 
JIMA, TIPHBOAAUlee K YMCHbIeHHIO OOUIerO YCHIHA pesaHHsa *. 

Takum oOpa30M, B Mpoleccax pesaHHA YIpoOynsAlollee HM MIacTHpHLMpyroule 
JeHCTBHA cpe MpHBOAAT, Kak MpaBusIO, K OJHOMY HM TOMY %Ke pe3yJIbTAaT\ 
MOHM2KeHHIO CTelmeHH OObeMHOrO epopMupOBaHHA CTPY2KKH WM MOBepXHOCTHO! 
COA H3eIMA, KOTOPOe OOHapy2KHBaeTCA MO YMCHbIeCHHIO ycaKH CTPYKKH ! 
NOHMxKeHHIO TBepocTu (°, 7). ITO NMOHHxKeHHe TeM CHsIbHee, 4eM GovbIUel og 
«PeEKTHBHOCTHIO OOJIaaeT cpeda HM YeM JTYUWIMe YCIOBHA CO3aHbl LWIA MpoABse 
HHA 9TOK s*pekTHBHOCTH. Tak, Mp CBepJICEHHH aJIIOMHHHA B HEMOMAPHOM Kepo 
‘CHHe CMe€WMaJIbHbIM MePpOUHBIM CBepJIOM HeBbITOAHOM Treometpun (8) Mow WHO" 
JTYHKM OOpa3yeTcA CPpaBHHTeIbHO TOJICTHIM CHJIbHO HakJIeMaHHbIli COM Cc TBeP 
noctbio 115 KI /mm? (rBepgocTs OTOxK»KeHHOrO amiomuHHa 24 KT/mM?). Jlo6aBK 
B KepocuH 0,25% cTeapHHOBOl KHCJIOTBI, pe3KO MOHM Kad YebHyIO pa6oT’ 
‘CBePJICHHA, BbISbIBAeT H YMeHbUIeHHe TBePAOCTH Ha JTYHKH (MpHMepHoO B 2 pa3a) 

Ip cBepsieHun >Ke aJIOMMHHA OObIUHbIM CIMPaJIbHbIM CBepsOM Mpotecc pe 
3aHHA yKe B HEMOJIAPHOM KePOCHHE MpPOHMCXOJMT BeECbMa AKTHBHO, BCJIeEACTBHE Yer 
HO JIYHKH yMIpOUHAeTCH 3HAUHTeJIbHO CylaOee, YEM MPH CBepJIeHHH MepouHBh 
cBepJioM. B 9sTomM cCJlyyae TpyQHO OMKUaTb CKO/bKO-HHOY]b CHIbHOrO BJIMAHES 
-AKTHBHBIX CpeJ| Ha TBePOCTb MOBePXHOCTHOPO CJION Ha JIYHKH. 

Tloctynuwt0 


18 IX 1958 
UMTHPOBAHHAA JIMTEPATYPA 

‘Jl. A. Wpefuep,l. H. Enuganos, JAH, 97, Ne 1 (1954). 2 Ti. A. ae 
‘OnuAep, lOounetH. cOopx., mocsauexn. 30-netui0 Benuxkoli Oxta6ppcKoli Counanucruue 
ckolH Pesonmounu, 43g. AH CCCP, 1947, crp. 533; B. WH. JIuxtMman, Yen. (pu3. Hayk, 39 
B. 3 (1949); B. HW. JIinxtmau, II. A. Pe6Ouugep,l. B. Kapnenxo, Banaue 
MOBEPXHOCTHO-aKTHBHOM Cpefbl Ha Mpoleccl AecpopMauuu MaTepnasos, U3. AH CCCP, 1954 
°T. lO. Jiw6numosa, II. A. PeOungep, JAH, 63, Ne 2 (1948). 40. 0. He 
Bokpemeunos, H. E. Mapxkosa, Il. A. Pe6Ouugep, JAH, 68, Ne 3 (1949) 
Tl, A. PeO6ungep, E. K. Beuctpem, Use. AH CCCP, OMEH, Ne 4—5 (1937) 
°Y. HW. Enudanos, Ousuyeckue ocnosbl BAMAKMA BHELIHel CpemL Ha Mpoweccn: RetopMé 
uM M paspylienusA MeTam0B mpu pesanuu, J[ucceprayua, M., 1954. *T. WU. Enue 
HoB, J], A. Il petunep, KT®, 21, B. 12 (1951); Fr. HU. Enugauos, JAH, 75, Ne 
(1950). °H. A. Iinetenesa, Jl. A. Wpetuep, NT. A. Pe6uugep, JAH 
62, Ne 5 (1948). 

* Hapagy c sTuM maacTuculupyioulee Jelictaue cpeq, 34TPyMHAA nepeBog MeTanaa 30H 
‘PasPpYUIEHUA B MpeeMbHOe COCTOAHHE, OKAa3bIBAeT OTPUILATebHOe BAMAHME Ha Mporece crpys 
KooOpasoBaHua (8), 
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Jokaxayn Akanemun Hayk CCCP 
1958. Tom 123, Ne 4 


TEXHHYECKAA ®H3HKA 
B. A. KA3AHUEB 
ACCJIEAOBAHHE K£;-MOJIOCb] WH K-KPAS NOrJIOWMEHHA HUKEJIS 
B METAJIJIE TIPH MEPEXOME 4EPE3 TOUKY KIOPH 


(ITpedcmaeaeno axademuxom IT. B. Kypdtomoeeim 28 V 1958) 


Bonpoc O BJIMAHHH MarHUTHbIX MpeBpallleHuit Ha PeHTTeHOBCKHe ‘CreKTPbI 
\TOMOB B ABOHMHbIX H TPOMHBbIX METAJIJIMYeCKHX CIMaBax y2Ke OCBEMaICA B JIHTe- 
yatype (* 8). Brio OOHapyxeuo (+), uro: 1) nepexog ABOHHEIX MeTasIM4YeCKHX 
11aBOB H3 (peppOMarHHTHOTO COCTOAHMA B TapaMarHHTHOe BBI3bIBaeT COOT- 
ETCTBYIOWIHE H3MCHCHHA B PCHTTCHOBCKHX CM€KTPpaX aTOMOB O06 €HX_ KOM- 
IOHCHT CIJIaBa, MPHYeM STO KacaeTCA HE TOJIbKO CNEKTPOB 9MHCCHH, HO H CHeK- 
)pOB MOPIouleHHA; 2) pasHUYHbIe XapaKTePpHCTHKH P€HTTCHOBCKHX CMEKTPOB 
\TOMOB B MapaMarHHTHbIX ABOMHbIX ClaBaX He 3aBHCAT OT cmocoOa MOyYeHHA 
1apaMarHuTHorO CocTosHHA. MHbiMH cJIOBaMH, He3aBHCHMO OT TOrO, JOCTHT- 
1yTO JIM TapaMarHUTHOe COcTOAHHe NOX BIMAHHEM TeMMepaTypbI HIM NOX BIIMA- 
(H€M H3MC€HeHHA COCTaBa CMaBOB (pasIMUHbIe NO Mpupore *PakTopbl), OHO NpH- 
OAHT K TOMY, 4TO CNEKTPbI COOTBETCTBYIONIMX KOMIMOHEHT CiaBa CTaHOBAT- 
A BHOJIHeE OMpeAesIeCHHbIMH. 

IIpegcraBiao OoubwioH HHTepec U3YYHTb 3aBHCHMOCTb PeHTTCHOBCKHX 
M€KTPOB OT MArHHTHbIX COCTOAHHH 4HCTbIX 9emMeHTOB (Ni, Co, Fe, Gd). 
3 HacTOAeH paOoTe MpHBOAATCA pesyJbTaTbI UcceqOBaHHA K-kpaeB MOrvo- 
J€HHA WH 3MMCCHOHHBIX K85-nomoc HHKeIA B MeTalwe MmpH mepexoye uepes 
ouky Kropu. Mcnomb30Basica 3JIeKTPOJIMTHYeCKHH HUKeIb UnCTOTH! 99,99%. 
- CneKTpbl HHKeJIA MOyYaIHCb MpH MOMOLIH KOPOTKOBOJIHOBOTO CIeKTPO- 
‘padba* c H30rHyTbIM KpucTaom. J[ucnepcua B OOmacTH K$-rpynmbl cneKTpa 
IMKeIA cocTaBIaa 3,92 X -mm !. Temnepatypa oOpa3ila Ha aHOye PeHTreHOB- 
‘KOH TPyOKH KOHTPOJIMPOBaNacb MO MeTOJY, HCMOb3OBAHHOMY AaBTOPOM B 
yadorax (5). Mecnelyemble O6pa3lbI TOTOBHJIMCb B BUC KpyrbIxX TaO/eTOK Wua- 
feTpomM 16 MM, TOJMLMHOIO 3 MM H TYFO 3alpeCCOBbIBaJIHCb B KPpaCHOMeJHy!0 
OJIOBKY aHOJa peHTreHoBcKol TpyOKH. Ilyrem H3MeHeHHA yAebHOK Harpy3Ku 
ia TpyOKe (BT:MM 2) IIpH OMpeeveHHBIX pasMepax (hOKyCHOrO MATHA MOXKHO 
bIIO JIErKO NOMaLaTb B OOJacTH cbeppo- H MapaMarHUTHbIX COCTOAHHK OOpasita. 
TOT METOL He NO3BOAeT 3alaBaTb TeMHepatTypy OOpasita TOUHee, yem + 20°, 
[OSTOMY 9KCIEPHMEHT BelICA B HHTepBame Temnepatyp 300—400°, a He B He- 
lOCpeACTBeEHHOM OH30cTH OT «TOUKH» Kropu. 

Baio momyyeHo Oombuioe KOMMYeCTBO cneKTpoB (cepuamn)B I u IT mopsaz- 
‘ax oTpaxkeHuad. OOpa6oTKa MMKpOoTorpaMM MOKa3aJla XOpoilee corlacne 
fexy cnexrpamu I u II nopsqKos orpaxkenua. IlorpemmHocTu B onpeqemeHun 
JIMHbI BOJHbI MakcuMyma NiK8s-no10c He BbIXOJMsIM 3a mpeqesbr — 0,04 X, 
uupuua KBs-mouloc H3MepAsacb c TOUHOCTHIO--0,4 9B. OrHocHTeIbHas omH6- 
‘a H3MepeHHA MaKCHMyMa MHTeHCHBHOCTH KBs He BbIXOAMIa 3a NPeeJbI 4— 
%. Ha puc. | mpupeqeHa mukpocororpamma K-rpynmpl cneKTpa HHKeJIA 
/ MeTaJie. 


* Cnextporpad c Ge3onacHolt TpyOKOH KOHCTpykKI\MH B. A. Ka3anuesa (°) nponsBoycTBa 
KCNePHMeCHTa/IbHbIX MacTepcKHXx PoctoscKoro-Ha-Jlony rocyAapcTBeHHOrO y HuBepcuTeTa (MapT, 


951 r.). 
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YcpeqHeHHbIe pesyibTaTbl 9kcnepuMeHTa, Kacalouneca Nikfs, MmpHBe- 
qeHbl B Taw. |. 

V3 npHBeszeHHbIx B TaGJHWe JaHHbIX BUAHO, YTO Nepexo METAJIJIMYeCKOTO 
HUKeJIA B MapaMarHHTHOe COCTOAHMe CONPOBORMaeTcA YBeJMYeHHEM SHePrHy 
NikK®s-porona ua 2,1 -++ 0,2 9B. Ulupuna cneKTpasibHOM MOJIOCHI Nik®s 


} 
; 
i 
H 

j 


pr flrs é 
Mi anf OO Pen pre oN Vitaly We 
pied shila WO DON dae 
j 


Puc. 1. K®-rpynna cnextpa HuKeIA B MeTame 


npH 9TOM yMeHbiaeTcH Ha 1,8 + 0,4 9B. HeckoulbkO yMeHbIlaeTCH HHTCHCHB~ 
HOCTb STO MOJIOChI NpH mepexoe HHKeJIA B NapaMarHHTHOe cocTosHHe. Cepe- 
AHHa KOPOTKOBOJIHOBOH BeTBH Nik®s U3MepsJiacb C MeHbIIeH TOUHOCTbIO, HO 
H OHA TIpH mepexose MeTadJla B Mapa- 
TaOanna 1 MarHUTHOe COCTOAHHE TakxKe CMellaeTcs 
Sapncumoctb NiKBs or Marnutuoro coctoa-  B OOsacTb OOmbuIHX SHEpruli. Ilo nopay- 
HHA MeTaJia (Mepexow uepes Touky Kropu) KY BeJIMYHHbI 3TO CMELITCHHE TaKOe Xe, 
Kak HW Jwia NiK®s (max). Kaxoro-1n6c 
CyULeCTBEHHOrO H3MeHeEHHA B (cbopme 
K8s-mooc He OOHapy2KeHO. 
Ecuid IpHHATb, 4TO cmemseHue Nik 6s, 
O KOTOPOM HJleT peub, OTHOCHTCH KO 
BCeH TMOIOCe B WeJIOM, TO YyBeMUeHHE 
9HeEprHH WH YMCHbIICHHe LWIMPHHbI MOKeT 
@eppomar- ObITb OOBACHEHO MPH MOMOLIH «MO- 


MaruutTHoe 


Sueprua, 9B 
cocTosHHe 


Illupuna, 9B* 


HOCTb MaKCH- 
Myma 


MyTeHcHB- 


LOS 8325,2+0,2) 12,2 | 1,0 J@JIbHOH» THMOTeSbI, BLICKa3SaHHOH aB-| 
T]apamMaruut- Topom (1). 
Hoe 8327,3+0,2] 10,4 | 0,9 


K-cnekTpbl MOPOUWleHHA HHKeIA T0- 
* [lupwna NiKBs uamepsnacp ua no- ZYYIHCb MPH MOMOMLH Toro Xe KOpOT- 
TOBUHe MaKCHMyMa WHTeHCHBHOCTH u MpHBe- KOBOJIHOBOrO CHeKTporpada C HCIOJIb- 
jena 6e3 monpaBoK Ha pacluMpeHHe 3a cuet 30BAHHEM BaKYyMHOH TpyOpn. AGcop6exHT 
(OKYCHPOBaHHA OT H30rHyTOrO KpHcTavva. TOTOBHJICA B Bue (pOJIbTH TOJILLLMHOLO 
15—20 uw. Jia cHaTus Haksiena, o6pasy- 
fOUlerocA NOCNe€ MpOKaTKH, POMbra OTKHFaacb upH Temnepatype 200° B Te- 
ueHne 48 yac., 3aTEM MOBEPXHOCTb e€ OUMUlalach TpaBJIeHHeM B KHCJIOTAX. 
Huxkeresaa coubra-a6cop6euT nmomelasach M@exKy KPucTaJIOM H BbIXOL- 
HbIM OKHOM PeHTTeHOBCKOH TPyOKH B CNeWHabHOM JepxKarTese, CyXKUBIIEM 
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pakoKe OOorpeBaTeiem. OKHO JepxKaTeA MO3BONANIO 3aKPbIBaTh oubry-a6- 
popOeHT Cc OOeHX CTOPOH BeCbMa TOHKHM aJIIOMHHHeBLIM wMcTKoM (5—6 1). 
PTO 3aMeTHO CHMKaO TemI00OMeH aOcopOeHTa C OKPyxXal0UlHM BO3,YXOM H 
POECIICYHBaIO PaBHOMepHbI ero HarpeB. Temnepatypa aOcop6enTa BO Bpema 
PbEMKH CI€KTPOB KOHTPOJIHPpOBasacb TepMomapoll HHXPOM—KOHCTAaHTAaH, Tpa- 


Se 


| NLA - npaui 


{ 


i 
§ 
| 


Co 


Pue. 2. K-Kpaii Mormomenua HUKeIA B MeTase, NOyYeHHbIi mp Temmepatype 400° 


. 


WyHpoBaHHOHW NO WikKaJie 3ePKaJIbHOrO rabBaHOMeTpa. Cua TepMonapbl MpH- 
KJICMBaJICA K WeHTPaJIbHOH YacTH aOcop6eHTa. ToK oOorpeBaTea peryJHpo- 
BaJICA MPH MOMOUM cxembl OappeTHpoBaHuA. Mcnomb30BaHHad MeTOAHKa 103- 
BOJIAJIa H3M€PATb TeMMepaTypy aOcopOeHTa c TOYHOCTHIO --d°. 

IlepBpie cneKTpbI NOPIOWeHHA HHKeIA OblvIH NOWyYeHbI MpH YyIBOeHHOM 
noTeHiuaie Bo3sOyxyeHuA K-cepHu HuKeIA. CKaukH MOrJOUleHHA OKa3aJIHCb 
CTOJIb 3HAYHTEJIbHbIMH, UTO YAasIOCb NOBbICHTb HampsxeHHe 10 30 KB MpH 25 Ma. 
ITO MPHBeJIO K BOSMOMKHOCTH BIBOe CHH3HTb BPeMA 9KcCNO3HILMH (4 Yaca BMeCTO 
7 4ac.). JIMHHM CpaBHeHHA 9KCNOHUMPOBaJINCb B TeYeHHe 3 MHH. HM NPHTOM Moce 
CbeMKH CIeKTPa MOMIOULeEHHA, 4TO OOecNeyYHBaJIO COXPaHe€HHe KOHTPaCTHOCTH 
CI€KTPOB. 

CnekTpbI MOPIOUleHHA HUKeJIA H3y4aIHcb MpH TemMnepatypax 22; 320 u 
400° (norpewHoctb +-5°). Ha puc. 2 npuBeyqena MukpodororpammMa K-kpaa 
MOrIOUIeHHA HHKeIA, MONyyeHHad mpuH Temnepatype 400°. Cnextppl morso- 
UCHHA CHHMaJIuch cepHamu no 8—10 cneKTpoB JIA KaxkOH TemMnepaTypbl. 

Mi3smepeHua HM pacueTbI MPOH3BOAHJINCh TO BCeEM MHKpOdoTOorpamMMaM CIIeK- 
Tpos. Jina kaxyoro K-kpax noriouleHva HHKeJIA CTpOMJIcA (Ha OJHOM JIMCTe) 
rpabuk 3aBucumMoctH —lgS, mponopuHoHaibHoro KosdxpHiMeHTy Nnorouye- 
HHA PeCHTTeHOBCKHX Jyuel t, OT 3HEPrHH MOPOWeHHOTO KBaHTa EF (B 9JIEKTPOH- 
BOJIbTax). Tako rpaduk JjaBaJl BO3MOXKHOCTb MPpOBOAHTb ycpeqHeHHe B ceMel- 
CTBaX KPaeB, MOJYYeEHHbIX MPH COOTBETCTBYIOWLHX TemMepaTypax, H cpa3y onpe- 
JeATb MOPPeWIHOCTH OMbITa, (POPMYy HM MOJIOXRKeHHE COOTBETCTBYIOULMX KPaeB 
NOrOWUeHHA Ha Wwkase 9HepruH. Bo BHHMaHHe NPHHHMaJINCb yCpeAHeHHble Ha 
rpadbukax Kpaa normoujenua. Ilorpemmocru B onpeyeeHHu NOO*KeHHH KpaeB 
NOrIOWeHHA Ha Wikasle SHEPruli HE BbIXOAMIN 3a npegetb 0,4 9B (B cpeqHel 
yacTH Kpaa MOrOuleHHs). "i 

Bpwio O6HapyKeHo cseqyrollee H3MeHeEHHe B MOOxKeHHH A-Kpaa MOro- 
HlCHHA HHKeIA Ha WikKase sHepru NOX BAMAHHeM TemMnepatypbl. B uHTepBase 
Temnepatyp oT 22 fo 320° kpai mormomeHHaA B WesOM CMellaeTCA B CTOPOHY 
OONbWUX SHeEPrHuii, BCpeMHeM 9TO cMemeHHe cocTaBuIAeT 1,2 9B. KopoTKOBOHOBAaA 
yacTb kpasn cmelaeTca CusbHee (Jo 1,4 98). [Ip qambHeriuiem yBeJIMYeHHH TeMne- 
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paTypbr (nepexoq uepe3 Touxy Kiopn) A-kpal NormoujeHHA HUKEJIA OKa3aJica 
CMCLICHHBIM 110 CpaBHEHHIO C ero MOsOXeHHEM pH Temmepatype 320° B OOacTb} 
6OJIbINMX 9HEprHuh Ha 2,3 9B. [lomHaad WupHHa Kpand MPH TOM HECKOJIbKO YMeHb-} 
IHJIaCb. 

AHAJIOTHYHOE CMEMICHHE CHeKTPa MOFJIOULeHHA NO BJIMAHHeEM PoOcTa TeM- 
nepatypbl, HO Kacaiouleecs Lyy1-Kpaad MOPsOuleHHA HUKeIA, ObIIO OOHAPyKeHo 


Kourya (*).* 


Jlyranckul rocyapcTBeHHBIM Nejarormueckul HHCTHTYT Tlocrynusio 
um. T. I. Wesuenxo 11 IIf 1958 


WHTHPOBAHHAS, JIMUTEPATYPA 


PF 1B. A. Kasauues, Uss. AH CCCP, cep. ons., 20, Ne1 (1956). #9. E. Batt we 
mrTrenu, B. MW. Kotasap, JAH, 110, Ne 1 (1956). *§B. A. Kasaunmes, JAH; 
114, Ne 1 (1957). 4J. Cauchois, Phil. Mag., 43, Ne 338 (1952); 44, Ne 349 (1958). 
5B. A. Kaszsauues, Jucceprauua, XapbKosck. roc. yHuB., 1952. ® M. A. Bao- 
xuH, IIpn6oppr u crenfbt, PeutrenocnextpasbHaa amnapatypa, Tema 3, Ne I[1-56-453, 
VWucr. TexH.-9KOHOM. uHtopm. AH CCCP, 1956. 


Jornxagn Akagemun nayx CCCP 
1958. Tom 123, Ne 4 


TEXHHYECKAAH PH3HKA 


A. A. MAK 
BbICOKOTEMMEPATYPHbIM HMIMYJIbCHbIA HCTOUHWK CBETA 


(ITpedcmaeaeno axademuxom A, A. Jle6edeeum 7 VII 1958) 


McceqoBpaHve moka3aui0o, YTO B HCKPOBOM paspsje, OCYILecTBIAeMOM B 
NWApe, MOryT ObITb MOJyYeHbI BLICOKHe TemMepaTypbI H sapKoctu (1°). 
IMMeHeEHHE TakOrO PaspAa 3aTPyAHeEHO, OHAKO, TEM, YTO IPH MOULHBIX pa3- 
Wax CTCHKH KallHJJiapa, OrpaHHuMBalollero KaHaJl, ObICTPO Pa3spyuialoTcs. 
OT HeOcTaTOK MOKeT ObITh yCTPaHeH, CCIM HCKPOBOH pa3pxaAy, OrpaHHuNTb 
UJLKOCTHOH CTeHKOH. [M3BecrHo, uTo 
OOHbIH ~MeTOA YCHeMIHO MIpHMeHsAeTCH 
iA CO3JaHHA TaK Ha3bIBaeMOl KaHa- 
BOH yru (°*). 

B wactosmel padore coo6marorca 
S3YJIbTATbI HCCJIEOBaHHA ONTHYeCKHX 
ipaKTePpHCTHK UCKPOBOrO  paspsxya, 
VULECTBJIACMOTO B  OJIOCTH, orpa- \ 
1YCHHOM BOAHOM CTeHKOH (cM. puc. 1). BL 
WIA CO3aHHA MOJIOCTH HCMOb3yer- 
1 TypOuHa /. BowaBTypOnHy mocty- 
1€T NOX MaBseHuem |1,5—2 aTM., u 3a 
{eT WeEHTPOOeXKHBIX CHJI Ha OCH TY POHHBI 
Spasyerca WuJIMHApHueckad NMOOCTb, 
AaMeTP KOTOPOH oOnpeysemnerca riaB- 
SIM OOPa3sOoM J{HaMeTPOM OTBePCTHH B 
)PIeBLIX cTeHKAaX TyPOuHbT. JluHa uC- 
pOBOrO MpOMexKyTKa B MOJIOCTH COCTaB- 
ana 10 MM, HaMmeTp nmoulyuaemoro Ta- Puc. 1. Paspaqupiit Koutyp 
MM O0Pa30M Kallis pa BapbupoBavICcAa 
“ mpememax 0,4—1 mm. IlocmeqoBaTesIbHO C KalHJJIApOM B paspAHbIM KOHTYDp: 
bIJI BKJIOUeCH BO3LYWIHbIM mpomexyToK 2 jmHHOH 10 MM, CJIyxKHBUIMH WIA 
PeMOTBPalleHHA BOSHHKHOBeHHA AyroBoro pa3paya B KanwJiape. EmkoctTb 
coufencatopa C paspsyuoro Kontypa cocrapnaa 0,05 ed, HHAyKTHBHOCTb 
joutypa 0,1 wrH, HanpsxKeHHe MOXKHO ObLIO H3MeCHATS B Mpezestax 10—18 ks. 
| Jina uccweqOBaHHsA APKOCTH KaHaJla pa3spxAya Oblla UCNOMb3OBaHa (poTO- 
NIeEKTPHYeCKaA MeTOAUNKa, NpHMeHABLIaIca paHee B paOoTax (°,”). BpemeHnoe 
a3pelleHHe yCTaHOBKH cocTaBaO 5-108 cek., CNeKTpPaJIbHbIH MHTepBal, 
bIJIeIACMbIM MOHOXPOMaTOPOM, CocTaBJIAuI ~10 A. IIpu ucnoubsyembix pexkuMax 
a3paqa JVJIMTeIbHOCTh CBeTOBOTO HMMyJIbCa (Ha ypoBHe 0,5) cocTaBsasa 0,5— 
a UCeK., BOCIPOH3BOAMMOCTb aMIIHTYAbl U JIMTebHOCTH MMMyIbCa Opa 
) 

. 


Geieokoe 
Aan pArkeHUe 


2 Amnyfnet noorkuea 


HOBJCTBOPHTeIbHOH (pa3s6poc 20—30%). 

M3yyenne 3aBHCHMOCTH APKOCTH KaHaJla paspxAa OT MaMeTpa MONOCTH T10- 
‘a3aylO, UTO IPH YMCHbINeHHH ZMametpa nosoctTu oT | oO 0,4 MM ApKOCTb CHa- 
aJla BOSpacTaeT HM Nocde JOCTHAKCHHA MAKCHMAaJIbHOrO 3HaveHHA pH AMamerpe, 
aBHom 0,5—0,8 MM, HaunHaer OnICTpO yOplIBaTb. Takum oOpasoM, Kak HU B 
wyyae OOblHOrO KanusapHoro paspaya (7), CyulecTByeT HeKOTOPbI ONTH- 
falbHbIM HaMeTP MOJIOCTH, IPH KOTOPOM APKOCTb KaHadla, paspAaAa MocTuraet 
{aKCHMaJIbHOrO 3HaueHHA. 
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Ha puc. 2 mpescraBmeHa 3aBHCHMOCTb MIHOBeCHHOH CIIeKTpasIbHOH MJ10T! 
‘HOCTH 9HEPreTHYeCKONH APKOCTH KaHaJla pa3psAja OT AJIMHbI BOJIHbI JIA MOMeCHT; 
BpemeHH 0,2 ceK OT Hatasla paspaya. ApKocTb H3MepAaCcb B nme 
MePNeHAUKYJAPHOM OCH pa3paqa. CrelMasibHble H3MepeHHA y NWOKasasiM, YT 


APKOCTb, H3MepeHHad C TOplla KaHa- mn | 
Jia, COBNayaeT BO BCeH oOO6cJeO- ome cmep A | 
BaHHOH OO/1acTH CMeKTpa C APKOCTbIO, 00 2 | 


H3MepeHHOH B HanpaBJieHHH, mepmeH- 
MKYyJIAPHOM ocH pa3paqa. Takum 


-06pa30M, MOXKHO MOJlaraTb, ¥TO N0- 
TUIOULATebHad CMOCOOHOCTh MJ1a3MbI 
KaHala TPH BbIOpaHHbIX pexuMaXx os 


pa3spaqa HW pa3Mepax KanHApoB 
_paBua eqMHutle. C noMoLtbio opMyVIbI 
I]naHKa Ayia u3TyueHHA aOcOJIOTHO 
‘yepHoro Tela Oblla paccuHTaHa TeM- 
tiepatypa KaHasla pa3spama. Kak 
-BHHO H3 pc. 2, COOTBeTCTBHe CMeK- 
“‘TPaJIbHOro pacnpeeJIeHHA H31YYeHHA 
‘yepHoro Tela WM KaHala pa3paya 


4000 5000 B0UA 


ae 


Puc. 2. | —cmekTpabHad MIOTHOCTh APK 
CTH Kavala pa3paqa MmpH AMameTpe Kannan 


-XOpoulee, pa 0,8 mM uw HanpsxKenuu 18 KB; 2 — cnew 
Ha puc. 3 IpeACcTaBJI€Ha 34BHCH- TpabHaxA MMOTHOCTb APKOCTH a6coslorHo uept 
MOCTb MaKCHMaJIbHOM TeMMepaTy pbI Horo Tela mpu Temmepatype 5-104°K 


KaHaJla pa3paqa OT BeJIMYHHbI Ha- | 
YaJIbHOrO HanpA2xKeCHHA Ha KOHJCH- | 
caTope mp Auamerpe Kanusuapa, paBHoM 0,5 mm. 3 pucyHka BHAHO, YTO 
MOBbILICHHeEM HanpaAxKeHHA pocT TemMepaTyPbl KaHasla 3aMefIaeTCA. ITO CB 
3aHO, IMI0-BHJHMOMy, C yBesIH¥CHHeN 
; TeMJIOCMKOCTH fa3a, a TaKxKe B 3H 
6-10 UHTeIbHOH CTeMeHH C BJIMAHHEM CT 


oO 


* 


5-10! HOK KalHJliapa. CyulecTBeHHO OTM 
THTb, YTO pH HaOMOLeHHH B TOP 

4! Kanuinpa 3aperucTpHpoBaHa Mak 

10 15 ‘6 CMMasIbHaa Temnepatypa B 6-104° K 


Uy ————> 


3HAYHTeIbHO MpeBOCXOAAWad TeMMe 
Puc. 3 paTypy KaHala, He OrpaHHyeHHor 
CTeHKaMH HCKpoBoro pa3paya. 

H3yyenue pacnpeleeHin APKOCTH MO Tey CBEYCHHA KaHaJla pa3spaga ne 
Ka3al0, YTO C TOPlla KaHaJla APKOCTb OMMHAKOBa M10 BCeMYy TeJY CBeEYeCHHA; 
HampaBJeHHH, MepnmeHAHKyJIAPHOM OCH pa3pxqa, HaOsoaeTcA cna APKOCTS 
K KpaaAM Tela CBEYCHHA, MpHyeM cna TeEM MeHbIIe, 4eM OOJIbIe JIMHa BOJIHBI 
OTO CBA3AHO, MO-BHAHMOMY, C BO3pacTaHHeM KOSPPHUKEHTAa MOTOULeHHA H3JIy 
UCHHA MPH yBeIMYeCHHH JVIMHbI BOJIHbI. Bblui0 H3MepeHO TaKKe OTHOWEHHE AP 
KOCTH KaHaJla OTKPbITOrO HCKpoBoro mpomMexytTKa 2 (pvc. 1) K APKOCTH KaHaJlé 
B KalMJiape Auametpom 0,8 mm. IIpu HanpsxKenuu 12 KB 9TO OTHOLIEHHE OKA 
3al0Cb paBHbIM 0,139, npu 16 KB 0,037 (A 4400 A). Takum o6pa3om, npt 
AOcTaTOuHO OOJIbUIOM HanmpAxKeHHH BBeMeHHe BOOABOUHOFO MpOMexkyTKa He 
AOJKHO CHJIbHO BJIMATb Ha APKOCTb HW TeMNepaTypy KaHaJla paspaa B Kans 
Jape. 

ABTOp BbIpaxkaeT rutyOoKy1o OmarogapHoctb M. IT. Bantoxopy 3a nocTos HHI 
MHTepec K padoTe, KeHHbIe COBETHI H OOcy2xXTeHHe Pe3sybTAaTOB U3MepeHHit. 
Tloctynusto 
30 VI 1958 
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HW. B. WoamMomencxkuah, Ontnka u cnextpockonua, 4, 539 (1958). 4H. Mae 
e ker, Zs. f. Phys., 129, 108 ( (1951). 6M. I. Banik 08) AvcAy Mak, Has Bae 
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KPHCTAJJIOTPA®HA 


B. JI. HHAEHBOM u Lf. E. TOMHJIOBCKH 


MUKPOCTPYKTYPA HATIPAXKEHMM B JIMHHSX CKOJIb)KEHHS 
WM AHMCJIOK ALHMH * 


(ITpedcmaeaeno axademuxom A. B. Il[y6nuxosum 23 VI 1958) 


J\uc0KalvoHHad CTpyKTypa [paHHI pasOpHeHTHPOBaHHBIX O6JIOKOB B 
CBeTe MOCJICRHHX SKCNEPHMECHTAJIbHbIX JAHHbIX HE BbI3bIBAeT OCOObIX COMHCHHIE, 
HHO BOMpOC O AHCIOKAUMOHHOM MpHpoOe JIMHHM CKOIbxKeHMA OCTAeTCA ele He- 
HOCTaTOUHO BbISCHeHHbIM. B HegaBHux padorax P. MH. Tap6epa, HU. B. Odpen- 
eo uw JI. M. Ilonaxosa (') u A. A. Bousapa u IO. A. IIpeo6paxencxoli (2) 
BHOBb BbICKa3bIBae€TCA COMHEHHE B CYIIe€CTBOBaHHH CBA3H JIMHHM CKOJIbKeHUA 
C OOBIMHDIM TPaHCJIALMOHHBIM CJBHTOM H OOcy2KaloTCH BO3MOXKHOCTH MOABWJIe- 
HHA JIMHMM CKOJIbKCHHA B Pe3yJIbTATe MOCIe€AOBATeMbHOTO PaCKPbITHA HU 3a- 
XJIOMbIBAHHA MUKPOTpelMH. DakTHYeCKH YNOMAHYTHIe aBTOPbI MOJaraioT, TO 
UMMCKPeTHOCTh TPaHCJIAWHH XapaKTepu3yeTcaA CMeULCHHAMH Ha MHOTO M@KaTOM- 
HbIX PpaccTOAHHH, B TO BPCMA KaK COPaCHO AHCJOKalMOHHBIM MpelcTaBJIeHHAM 
JMCKPeTHOCTh TPaHCJIAWHH OTBeUaeT WiaraM B OHH MapaMeTp pelIeTKH BOVIb 
HanpaBleHusa CKOJIbDKEHHA, T. €. TAaKOMY MOCJIe€AOBaTeJIbBHOMY mMepecoeHHe- 
HVIO M@%KaTOMHBIX CBA3CH, KaK OYTO B KPHcTaJIe MepemelaloTca «JIHIIHHe» 
mosynwockocTH. B npoctrehwet AUCIOKaLMOHHOK MOJeJIM JIMHMV CKOJIbYKeHUA rpa- 
HUILa CKOJIb3AULUX OJIOKOB MOET OBITS IPeACTaBeHAa B BUe MOCMELOBaTeIbHOCTH 
PABHOOTCTOAILHX KpaeBbIX JUCIOKAaLHH, JIexKalllUX B OOMLEH MJIOCKOCTH CKOJIbKe- 
HUA (KFOPH30HTaJIbHbIM» PA KpaeBbiX WMcOKauHH). Kaxjaa MHUA ANCIOKa- 
Wuu OTBeYaeT KpaloO «JIMUIHeH» TJIOCKOCTH, OKAaHUMBAIOWNeHCA Ha MJIOCKOCTH 
CKOJIBKEHHA. OKaHMJIAIONMe JIMHHH CKOJIbKCHHA MAKPOCKOMMYeCKHE HalipsxKe- 
HUA, HaOuOaBLIMecA MHOTHMH aBTOPaMH WM KOJIMYeCTBEHHO M3yUCHHbIe B pa- 
6otax HM. B. O6peumosa u JI. B. Uly6uuKoza (3) u Haa (*), corsacHo sToH ~cxeme 
OMHO3HAYHO ONPeeIAIOTCA IOTHOCTbIO AUcOKalui. 

B paG6orte (°) Hamu ObIIO N1OKa3aHO, IPHMeCHHTeIbHO K KPHCTaJJy KOpyHya, 
aT0 CONOCTaBJICHHe HalpAxXeCHHH, H3Me€PCHHbIX OMTHYCCKHM METOJOM, C MJOT- 
HOCTbIO AUCIOKalWH, HaleHHOH MO MeTOy Ms8OupaTeAbHOrO TpaBMeHNA, Maer 
YOBJIETBOPHTebHOe COriacHe PaC¥eTHbIX H SKCIEPHMCHTAJIbHBIX J\aHHBIX. 
Takum o6pa30m, H3MepeHHe MaKPOCKOMHYECKHX HalMpAKeHHA MOSBOJIMIO ycTa- 
HOBUTb, UTO Ha KaxkLy10 (burypy TPaBJICHHA, MpeANOMORUTEMbHO OTBEUAIOULY!O 
KOHILY JIMHHH aTOMapHOl WuCMOKalMH, AelHcTBUTebHO B Cpe HEM IIPH- 
XOJNTCA CBHI, IPHOMM3UTeIbHO PaBHbIM NapamMerpy PelleTKH B HalmpaBJIeHHH 
ckombxKenua (qua Al,O; 8,3 A). t 

Jia OKOHYATebHOrO pelIeHHA BoMpoca O AUCMOKaWMOHHOH CTpykType 
JIMHUM CKOJIbKCHHA HEOOXOAMMO, OHAKO, PasPelIHTb TOHKYIO CTPYKTYPY NOVA 
HaNpAXKeHHH, BLIABHTb SPPEKTHI, BbISbIBACMbIC OTACMbHDIMH ANCTOKAaNMAMH, 
WM OKa3aTb, UTO 9Ta CTPyKTypa OTBeyaeT MmpemMoOaraeMOoMy PpacnOJIOAeHHIO 
qucsoKaluli. Pacnpexeienue HampsxKeHuH BOKPyr OJMHOUHOM KpaeBOH JHC- 
OKalluu C “IMINHeH» MIOCKOCTHIO, MapadeIbHOH ocw Y, H BeKTOpom Broprepca 
b, HalpaBJICHHbIM BAOJIb OCH X, Waercsa PyHKWNeH HanpA*KeHHnli 

Po = maa InVxt+ ¥ (1) 
(G — MoLyJIb caBura, v— kKoappHuHeHT Ilyaccoua). [na nojcueta Hampaxe- 
HU, BbISbIBACMbIX TOPH3OHTAJIbHBIM PANOM KpaeBbIX AMCMOKAIHH, Hy2KHO 
COKUTH (PYHKIUMM HalpsAKeHMU, OTBeVAIOWHe BCeM AMCMOKAaWMAM Ppsila. 


* TlooxKeHO Ha Me@*KLYHApOMHOK KOHepeHUHH NO MexaHHYecCKHM CBOHCTBaM MeTaJIJIOB 
MeV 1958 1. 
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Jia ynpoueHua BbIuHCeHHH NepelieM K KOOpAMHAaTaM 2— Saw IIR 
=x—iy. DyHKIMA HanpsAxKeHHH N- AMCMOKAWMU, PaCMOJOAKCHHOM B TOUKE x 
= nh, y=O0, 3anullerca B Buse 


z—nh 
nh 


iGb 
a 4n (4 — v) 


(2) 


UroObl mpeOTBpaTHTb pacXOAMMOCTs IPH NoceLyIouleM CYMMMpOBaHHH, 3/4eC 
lO CpaBHeHMIO C BbIpaxkenvem (1) ,oOaBseH JMUIHHH WieH, _JimneHHbIt M0 KOop- 
juuaTaM WM He BHOCHILMA BKJajla B BeJIMYMHY HallpAxKeHHH, Olpe/eJAIOUIMXC 
BTOPbIMA MIPOH3BOAHBIMK (PYHKIMM Halips>KeHHA 


(z—2z*)In 


Ox + oy = Or 
2 gE : (3) 
ox —oO : Ory 
Se ae (4) 


Vcnoub3yA u3BecTHOe Mpescrapsenne (°) 
ras 2 
sinx== x [J (1 — <r) (5) 
hl | 
MOXKHO BbIYHCIHTh CYMMapHy!o (pyHKIWMIO HallpaArKennit 


p= > Qn = icy 2") In| Sin eee 


C nomompbio dopmys (3) u (4) orcioga nowyuaem | 


Curt Oyt lwo Gb sh (27y / h) (7) 
2 24—v)h ch(2ry/h)—cos (2nx/h) ’ 
if wield ipsa 5 054 a) ( y sh (2ry / h) ) (s 
2° °° &»&2(4—vyA oy \ ch Qry fh) —cos (2xx jh) ]’ 
pb chai gone! y sin (2nx | A) P 
txy ~ 2(4—v)h Oy (au tp ORT) ( 


Buipaxkenue (7) XapakTepu3yer noe muOTHOCTel, OMpeeAIOUee, B UACTHO- 
CTH, paccesHWe CBeTa AKTHBHOM MVJIOCKOCTbIO CKOJIbKeHHA. BsaroflapaA 3TOMy 
adpekTy JIMHHH CKOJIbKCHHA MHOTa 3aMeTHbI B MOJIMPOBaHHbIX MpospauyHblx 
Kphctaax. Bprpaxenua (8) u (9) onpenetaior nove JByNpesOMIeHHA, BBbi- 
3BaHHOrO JIMHMeH CKOUIbxKeHHA. Ha paccTOAHUAX, OObUIMX M0 CpaBHeHHIO < 
paccTOAHHeM MeXK]ly AuCNOKAaWMAMH, 9, CTPCMHTCA K HYJO, ao, IpHOsmuxKaeTCs 


Gb ; 
K MakKPOCKOMMYCCKOMY 3HAYCHHIO oy = Nay, Signy. 


Puc. | wumocrpupyer pacuerHy!o NOJApu3alMOHHO-OnTHYeCKylO KapTHHy 
KOTOPad flOKHA HaOMOMaTbcA B CKPeMCHHBIX HUKOJIAX IPH pacnoJlOxwKeHHut 
Kpecta Oceli NOJApPH3SaTOPa MU aHaJIM3aTOpAa AMarOHaJIbHO MO OTHOLICHHIO K JIMHUE 
CKOJIbwKeHHA (pue. 1, 2) HW NapaIeIbHO JIMHHM CKOJIb2KeCHUA H WIMIIHHM» IO 
ckoctam (puc. 1, 6). B nepBom cayuae, OO6bMHO HCNHOb3yeMoM MmpH UuccaeLO 
BaHHH JIMHHM CKOJIBKeHUA, NOME TByNPeOMIeHHA ONMCHIBaeTca (bopMysiol 
(8). B MakpocKonvyeckHXx MoocaxX JBYMPesJIOMJICHHA Pa3HOrO 3HaKa, OKauMIAIO 
ILMX JIMHHIO CKOJIbKCHHA, BHIABJIAIOTCA y3kaq Mepexoquan noloca WH MeCTHDI 
MCKaKeHHA BONM3H JIMHMH AMcOKalluH, CXOMHbIC C KapTHHOl ABynpeOMue 
HHsA, OTBeYaloleH OMHOUHOH AMCOKallnu (puc. 1, @(”)). Ha paccrosuua: 
nopaqKa 20% A JBynpeOMseHHe NPaKTHYeCKH yXKE HEb3A OTMHYHT OT MAKPO 
cKONMUYeCKOrO. 

Bonee yqoOeH WIA ucceqOBaHuA MUKPOCTpPyKTYypbI Hanps2xKeHUii BTOPO: 
cya (puc. 1, 6), Korgja nMomOcbI MaKpOCKONMYeECKOrO JBYTIPeOMIeHHA M1 
raleHbl H MpPOTHB KaxKOH MMHHM AMcMOKalluH pacnoslaraerca XapaKTepHa: 
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MHKPOCTpyKtTypa Hallp mKeHi, BBIABJICHHAas OM- 
'M€CKHM MeTOJIoM, 6 — PacnouoxKexHne HTYP TpaBeHua Ha Tex Ke yuacTKax o6pasita. Co- 
XPaHeHbl O6o3HayeHH g Puc. 2. 100 x 


\H, 1, 123, No 4, Unzen6om u Tomusozcknij 


JICNECTKOBAA PO8eTKA C MPOTHBOMOOXKHbIMH 3HaKaMu ABYIPeJIOMJICHHA B 
‘CEMHUX JICNECTKAX, CXOMHAA C poserKoli, OTBEYAIOLLE:t OAHHOUHOH ucIOKa- 
im (pune. 1, 2(7,8)). Ho u B atom cilyuae Jia ONTHYeCKOrO pasyeneHua OTLeENb- 
AX AMCMOKAaWWH HeEOOXOAHMO, KOHEYHO, UTOOBI AMCNOKANHH He ObWIH H3OrHyThI 
IM HaKJIOHHO PaCMOJIOXKeHbI MO OTHOILIeHHIO K HalpaBJieHuio Ha6soyenua. B 
JOTHBHOM CJlyuae scpekTbI OT OTIEIbHBIX HHI MOryT N€peKpbITbCca, MH HC- 
KalMH HE ylactca paspeuiuTy. 

Cueqyer nogquepKuytb, 4uTO HU B ONHOH 3 MHOFOUHCeHHBIX pa6or, 
CBAILCHHBIX ONTHYECKOMY HCCeEXOBaHHIO JIMHMH CKObKCHUA, TOHKAA CTPYK- 
‘Pa, HJocTpupyemasx puc. 1, He Opivia OOHapy2KeHa. Tlonaras, uo riaBHont 


JHYMHOH STOO MOFIO ABHTbCA HaloxKeHHE apPeKTOB, OTBEYAIOINHX OTe/b- 
eM AMCOKALWAM, MbI BbIOpaJu ; 


If HCCJI€OBaHHA TOHKHE MWia- 
HKU KOpyHa, BbIPe3aHHbIe u3 
pasoB C PpeLKHMH JIMHHYAMU 
‘OJIbDKEHHA. O mpeumyujectBax 
pyHwa, Kak HaHOoulee nepcnek- 
IBHOrO MaTepHaJla JIA BbIABUJIE- 
1A aTOMAPHbIX JMCOKallu, 
WKHO CYHTb nO Tab. 1, cBa- 
IBAIOUeH MJIOTHOCTh AUCIOKalni 
HHTCHCHBHOCTbIWO MaKpockonHye- 
“UX HalIPA2KeHHH, OKalMJIAIO- 
MX JIHHHM CKOubxKeHHH. IIpu 
cueTax OblJla yUTeHa aHH3OTPO- 
iA YIIPyrux MojyueH u coTo- 
IPYrHX MOCTOAHHbIX H HCHOIb- 


\BAHBbI KOHCT@HTHI, YKa3aHHBbie 6G 2 
paOortax (°) (NaCl), Gee) (Lik); ‘ 
) (T1l(BrJ)) (°) (Al,O3). Puc. 1. TlonaspusamHoHHo-ontuyeckad KapTHHa, 


oTBeyaloulad JIMHMM = CKONbwKeHUA. PaccuntaHa 
“YBCTBHTEIbHOCTh ONTHYCCKO- IIpH yCJIOBMH pacnomoxeHHA Kpecta ocel Noma- 


) MeTOAa BBIABJICHHA MUCIOKAa- py3atopa uv anamu3aTopa AuaroHanbHo (a) u Ma- 
ili ONPeAeIACTCA MPOH3SBECHHEM = pasetbHO (6) Tiga sai eee 
ahs Peonebca Cot ie gas ilies tae es Onunounaa KpaeBasx JHC- 
Bp OtY!0 otoynpyry1o ERM he JOKaWuA IPH STHX OPHECHTHPOBKaX MOMAPH3aTOpa 
iO M adpPeKTHBHYIO XeCTKOCTb yy auanusatTopa WaeT COOTBETCTBEHHO PO3eTKH 6 H 2 
yucTala. B u3s0TpomHOM cJly- 
1e adipeKTHBHaA 2*ecTKOCcTb paBHa 2G/(1—»). ne 
B xpuctannax NaCl, Hau6osee yacTO HCMOJIb3yeMbIX MIA ee re) 
[elOBaHHA JIMHUH CKO KeHUA, JByNpesomieHve nopsyKa | }+/cm ne 
| JIMUb pH paccTOAHHM MexKAy AMCMOKaWMAMM NOPsAAKa paspellaioulen CH 
JOHOCTH onTHYecKOrO MuKpocKona. Buarofapa OovIbuI0n ae Kpu 
abt Al,O, oKa3piBaloTca Goulee yROOubIMH, em KpucTaJb TI(Br, J), usBect 
BOe€H BbICOKOH ONTHYCCKOH AKTHBHOCTHIO. 
is. puc. 2 noKa3aH OOmlHH BUA OMHOTO K3 O6cJ1eOBAHHPIX Le ae 
[HKH BbIPe3aJIHCb 10 Oa3Hcy u3 OyeK CHHTeTMYeCKOTO JeHKOcanupa ss 
BLIBAIHCh JO TOMUHHSI NOpsAyKa 0,5 mM. [IpocmoTp B MOJApH30BaHHOM 
IABMHET JIMHUM CKOJbKEHUA H WBOMHUKH (puc. 2, a). IIpu AuaronabHOu Ss 
[POBKe MOMAPH3aTOpa HW aHaJIH3aTOpa XOPOIWO BUJLHHI ME ee ne 
\AQKCHHA, OKAMMJIAIOUIMe JIMHHH CKOJIbXKCHHA. Tpabienue TOr BS ies 
pacnviape Oucybdata Kalua WIM B KHMALLeCH siete Se a eae 
uc. 2, 6) AaeT PHCYHOK JMHMM CKOJIbKCHHA MW rpaHHun ae edo . 
acylomulica c onTHueckoli KapTHHOH. IIpH NOBTOPHOM COLI ee 
aBJICHHH M3MCHAeTCA JIMIUb pacmomomKeHHe Puryp TpaBJeHHA, 
culyualHbIMH WapanHHaMH Ha MOBepXHOCTH oOpasila. i Re 
Puc. 3 usmocrpupyeT KapTHHY MHKPOHAaNpsXKeHHH B eS Ee ae 
HapyXeHHylo HaMH nocJe Toro, Kak Ob i ere gee oat ae seat 
if, OTBeUAIOULHe M@KPOCKONMMYeCKHM HalpsAXKCHHAM. 11a ae. 


| 


npuBesenbl tboTorpapun, NOKasbiBalolNe pacipeeseHHe cburyp TpaBseHHA | 
Tex »Ke yuacTKkax OOpa3iia. HanOomee apKanH KapTHua, HaOJloqaemMad B aH} 
A, oxka3piBaeTca Topa3qo Gosee cIO*wKHOH, YeM pacueTHaH CxeMa PHC. if. 
@MakTuuecKH ONTHYeCKaAd KapTHHa OovIbIe MOXOAMT Ha BepeBKy, CBHTYIO | 
TpeX XKryTOB, ¥eM Ha OMHAapHBIt pad poseToK. MHTepecHo 3samMeTHTb, OHake 
UTO TPaBJIEHHE STOH JIMHHM JlaeT TpoMHO pa uryp, T. €. B WaHHOM CJIy4) 
MbI Je@lCTBUTeJIbHO HMeeM J[eJIO HE C JIMHHeH, a C MOJIOCOH CKOJIBIKCHHA. 


Ta6auna fl 


Paspetlatioulaa Cnmoco6HOCTb ONTHYeCKOrFO MeTOa HCCJICTOBaHHA AMCNOKaWnu } 
| 


—T 


NaCl LiF T1 (Br, J) Al,O; | 
{InockocTb cKoubKeHHA (140) (110) (110) (1120) 
HampaByieHve CKOJIbxKeHHA [110] [110] [004] [1100] 
Hampapsenue Ha6mo0qeHua [001 | [004] [4110] (0001] | 
@oroynpyrasd mocrosHHasd, cm?/KD Apo mlOn* Ae arent med 28,0-10=% 2,1-10-7 
ShekTuBHaA XeCTKOCTh KpPHCTaJJa, 
KT /cm? / 3,6-10° 14-105 2 LO? 37-105 
Bextop Broprepca, A 3,97 2,85 4,15 853 I 
Paccrosuue mMexay AMC IOKaWHAMH 
(B vu), IIpH KOTOPpOM CKayOK J[By- 
mpeiomsleHua focTuraet 10-4 OR22 0,52 3,4 6,4 
Menee culoxKHad ONTHYeCKaA KapTHHa HaOwOae4Tca B JIMHHUM Be OTBevaroul 
BOHHOMY psy dburyp TpaBsJeHHA, HO OMKe BCerO OMMHOYHON JIMHHM CKO‘ 
XKeCHHA COOTBETCTBYeT JIHHHA C. Secb OJHHOUHbIM PAX Puryp TpaBJeHHA OT 
yaeT OJHOPAXHOH MOCJeAOBAaTeIbHOCTH po3eTOK jByupemomueHua. JaxKe 


MOCJICHEM CJIyuae TPyYHO BHIACIHTb MHAUBUAYaJIbHbIe PpO3eTKH H COMOCTAaBH 
HX C pacueTHOH KapTHHOH puc. 1, 6, ofHaKO OpocaeTca B Tyla3a COOTBETCTE 
Me@K]y IJIOTHOCThIO (PHrYpP TpaBJIEHHA HW CTPYKTYPOH MOA TZByMpesIOMIeHE 
STO MOSBOJIAeT HaeCATbCH, UTO OOHAPY2KCHHbIE MHKPOHANPAKeCHHA ABJIAIOTS 
TeMH CaMbIMH MUKPOHAalpAKeHHAMH, KOTOPble (PUryPHPyYIoT B WHcOKalNOHH 
CX€Me JIMHHH CKOJIbKCHHA HW OTBEUAIOT MIpecTaBJICHHIO OO aTOMAapHOH AMCKp* 
HOCTH TPaHCJIAWHOHHOTO CABHTa. 
Muxkpoctpyktypa HalipsxkeHHi Oblla OTMeueHa HaMH MpaKTHYeCKH BO BC 
JIMHHAX WM MONOCaX CKOJIbKCHHA, OOHAPYXKCHHBIX B OOCeEIOBAHHbIX OOpa3li 
CHHTeTHYeCKOrO KOpyHa. B HeKOTOPHIX CLYYaHX B JIMHHAX CKOJIbKeHUA Hadi 
Walocb BO3pacTaHHe MJIOTHOCTM (uryp TPaBJIeHHA HW HHTCHCMBHOCTH JBYIIP 
JIOMJI€HHA BOJIM3H TpaHH, ABOHHHKOB MH OJIOKOB MO3a€HKH, 4TO, MO-BHHMOM' 
OTBeYaIO CKOMICHHIO AHCIOKalWH Ha MpenATCTBHAX. | 
B sakuoueHHe CleyeT NOAYEPKHYTb, UTO HIOCTpupyemple puc. 3 u Tab 
BOSMOXKHOCTH ONTHYECKOTO MeTOJla HCCIeEOBAaHHA AMCNOKalui MoryT Ob! 
HCIOJIb3OBaHbI HE TOJIbBKO pH UCCJIeEAOBaHHU ATOMHOM CTPyKTYPbI JIMHHM CKO 
*%KCHHA, HO HM MPH pelleHHM Apyrux 3aqau, TpeOyloulHx W3sy4yeHHA MeXaHH3! 
KOJIJIEKTHBHOrO TePeMeleHHA aTOMOB B KpHcTawvlaXx. | 


UucrutyT Kpucranmorpapun 
Axaylemun Hayk CCCP 
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XHMHA 


A. B. ABJIOB u T. H. MAJIMHOBCKHM 


CTPOEHHE MPOAYKTOB MPHCOEAMVHEHHA APOMATHUECKHX 
AMHHOB K TAJIOTEHHAAM WHMHKA 


(I/pedcmasaeno axademuxom H. H. Yepuanecoim 26 VI 1958) 


_Umetorca Ape TecHo cBa3aHHbIe MexKy coOol Teopuu, KOTOpHIe MbITAIOTCA 
YbACHHTb BJIMAHHE, OKaSbIBaeMOe JIMTaHJaMu Ha MoOBezeHuve d-3/1eKTPOHOB 
SHTPaJIbHbIX ATOMOB 3JICMCHTOB, 3aHHMAaIOWLMX cepeHHY mepBoro 6osbUOrO 
pHoya cuctempr JI. MW. Menyeneesa. 

Ileppas, Ha3biBaeMad TakyKe TeopuHelH KpUCTaMUeCKOrO NOH, HCXOART 
3 TIPCANOCHIIKH, UTO B KOMIJIe€KCaX CBA3b M@XKLY WeHTPaJIbHbIM ATOMOM Hi JIH- 
\HJaMH (HOHAMM HM TOJIAPHbIMH MOJI€KysaMU) ABJIAeTCH SJIeKTPOCTaTHYeCKOH. 
3 XOfla paccyxeHHH BbITeKaeT, YTO NOTeCHWMaIbHaAd 3ZHEPrHA 3JICKTPOHOB 
BBIPOMKACHHBIX d-COCTOAHHAX H3MeCHACTCH B 9JIEKTPHYeCKOM OVIe JIMTaH- 
B. B nocueqHee BpeMaA 9Ta TEOPHA OblIa IPMMeHeHAa JIA OObACHEHHA creK- 
)OB NOFIOULeHHA WM YCTOHYMBOCTH MHOFHX KOMIJICKCHBIX HOHOB. 

Yusbsame (') CunTaeT, UTO 3TAa TEOPHA B Ce COBPeMeHHOH opme emaeT He 
OTBETCTBYIOULMe JeCHCTBHTCJIbHOCTH MPeAMOOXRKCHHYA OTHOCHTEIbHO CHJIbI 
IEKTPOCTaTHYeCKOrO NOJIA, OOpasyeMoro pasJIH4HbIMU JHraHamu. A. B. Adson 
M. I]. ®uannnos (7,3) noKka3aqu, 4TO HepBad nMomoca MOrmouleHHA KOM- 
I€KCOB TpexXBaJIeHTHOrO KOGabTa Tuma [Co en,(Amun) Tan]X, He 3aBUcuT 
* JMHNOJIBHOrO MOMEHTa ApOMAaTHYeCKOrO aMHHa, YTO HaAXOMMTCA B MpOTHBOpe- 
iM C QJIEKTPOCTATHYeCKOH TeOphelt CNEKTPOB MOFJIOULeHHA KOMIVJICKCHBIX COe- 
{HeHH, pasBuToH TapTmanom (*:°) Ha OCHOBe TeOpHH KPHCTaMIMYeCKOrO NOMA. 

Bropad TeopuA mpesnodaraeT, YTO CBA3b B KOMMJI€EKCaX HMeeT YacTHYHO 
BAJICHTHbIN XapaktTep. Ja MpHMeHeHHA STOH TeEOPHH MOXKHO MNOJIbSOBaTbCA 
sTOJIOM HaJIOXKCHHA BaJICHTHBIX CX€M HJIH MeTOJIOM MOJICKYJIAPHbIX OPOHT. 
aH-Dsiek (°) paccMOTPeJl CBASbIBAIOMN[HE HM PasPbIXJIAIOULHe COCTOAHHA MexK]LY 
MOHHAaILHAMU o-OpOuT MHraHjoB u d,-opOuT KaTHoHa. [puddpute u Oyax (°) 
[MTbIBAaIOT JIOMOJIHHTeJIbHO n-OPOHTHI WWI CUlyuan, KOra KaTHOH ABJIAeTCA 
aentopom. Iloqpo6uHoe paccmorpeHue sTOrO Bompoca MOKasbIBaeT, UTO C yBe- 
[WCHHeEM UMCJIa HeHACHIIeCHHbIX JIHTaHJOB B KOMIMJIeKCe ero YyCTOMYMBOCTb 
JOKHa MOBLIUATECA. Yusbsame (1) cuntTaer, UTO CBASbIBaIOUlHe 7d, COCTOAHMA 
YT HMeTb pemlarolee 3HaYeHHe Js (OpMbI MOJIeKyI Maxe y 9SJIEMeHTOB 

3anOJIHeHHbIMA d-o6om0uKkamu. Ilo asToH mpHunHHe KOMIMVJICKCHBIe coeu- 
HHA UMHKa C apOMaTHYeCKHMH AaMHHAMH JOJRKHbI MMeTb OKTadApHueckoe 
poenne. 

STH BbIBOJbI He MOATBEPAWINCh Ha COeAMHEHHAX JBYXBaJICHTHOTO KOOaJIbTA. 
e{iCTBUTCIbHO, B TO BPeMA KaK AUrHApaT xsopucToro KOOaIbTa CoCle -2H2O0 
) uw cbHoNeTOBaa cbopMa AunMpHyMHatTa XopucToro KOGaIbTa CoCle-2Py (°) 
pasyIOT IeMOUeUHbIe CTPYKTYPbI C KOOPAMHALLMOHHBIMH YMCaMM y KOOaJIbTA, 
IBHBIMH 6,— MpOyKT MmpucoeqMHeHHA Napa-TOMYHAMHa K XJIOPHCTOMy KO- 
aipty CoCle -2n = HeN -CeHa-CHs umeet MosekysapHylo pemerky. B Mo- 
Kye BOKPyr aTOMa KOOasIbTa PaCMOJOXKeHbI Ba aTOMa XJIOpa H Ba aTOMa 
mera (19, 2). 

Vspectuo, uTo MaMMuaKaT XJIOPUCTOrO WHHKa, COOTBETCTBEHHO OpomMucTOrO 
[HKa, OOpasyer MOJeKyJAPHy!Io KpucTaMueckylo pelmerky, Te Kak [pli 
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aTOM IlHHKa OKpy2KeH JBYMA aTOMaMH rasioreHa HM JBYMA MOJIeKy aM aMMHak 
pacnOJIOXKeHHBIMH B BepUIMHaX HCKaxKeHHOrO TeTpaspa (17). B monekxyne 2 
XJIOPOHAMMHHILMHKa CBA3K Zn—Cl u Zn—N saABAAOTCA KOBaJICHTHBIMH, JVIHI 
KOTOPbIX COOTBETCTBCHHO PaBHbl 9. 30°2:0,06 m2 0Gr Oil es | 

Tlpencrapaaso oco6bili HHTepec BbIACHHTb CTPOCHHE MPOAyKTOB mpHcoesx 
HeHHA aPpOMaTHYeCKHX AMHHOB K COJIAM WHHKa. C STO IesbIO 6plia u3syye 
crpykTypa mpokyKta mpucoequHeHMA Mapa-TOyHquHa K XJIOpHCTOMy IME 
7nCle-2n = H2N-CeHa-CHs. Dro coequHeHHe NOJyYasIOCh NPH CMeLIHBaH 
cylerKa HarpeTbixX PaCTBOPOB Oe3BO]{HO 
xulopucroro WHHKa HM NMapa-TouyHyu 
B aOCOJIOTHOM 3THIOBOM cnupTe. IIpu c 
WaxKCHHH BbINeMIMCb OeCUBeTHbIe HOS 
yaTble WwIaCTHHKH, KOTOpble ObiwIM Uf 
MBITbI CIMPTOM H BBICYLWICHbI AO MOCTOS 
HOrO Beca B 3KCHKaTOpe Hall XJIOPHCTE 
KaJIbILHeM. 


Halineno % : Zn 18,63; Cl 20, 
ZnCle-2CgHyN. Beiuucaeno % : Zn 18,65; Cl 20, 


PentreHocTtpykTypHoe  HccJIeqOBaHi 
NOJIYYeHHBIX KPHCTAaJIJIOB MPpOBOLHJIOCb 
oOprmHOoH metTogquKe. Ilapamerpbl MOH 
KIMHHOW syeliKUH, ONpeAeIeHHbIe Ha 
Puc. 1. Mpoexuua ynkuan mexatom- Mepe KayaHHa, paBubl:a = 12,44 +0,05 5 
WBIX BeKTOpoB ZnClz-2HeN-CsHa-CHs O06 = 4,78 +0,02 A, c= 26,2+ 0,1. ¢ 
Ha IIIOCKOCTb eee ee a 8B = 93°30’ + 30’. nornocrb, onpezen 
eroyonuil sexropy ZnCl. 022 Gu want nkwometpuecki, pasa 1,52, 4 

WaeT WIA 4Hcla (OPMYJIbHbIX CAHHHL — 
3JIEMeHTapHoH aueke n = 4,06~4. Tine 
HOCTb, ONpeweeHHad peHntreHorpaduyecku, paBHa 1,49. B pe3yabTatTe HHA 
HMPOBaHUA PCHTTEHTOHHOMETPMYeCKUX CHHMKOB YCTaHOBJeH CileLYIOULH 3ale 
moracaHHun: | 


Tun peduiexca Yenosue, pH KOTOPOM MpucyTcrByeT 
Wauupik tun pedmuexca 
hkl h+k+l=2n 
hOl h=27, el —2n 


Ita 3aKOHOMEPHOCTh COOTBETCTBYeT MpocrpancTBeHHbIM rpynnam J?2,a = © 
ners 

TlaibHeliutee UCceqoBaHHe MpoBOAMIOCch MO peHTreHroHHOMeTpHUeCK: 
CHHMKaM, IIOJIY4YCHHbIM B KaMepe (dboTorpapupoBaHua OOpaTHOH pemerKH 
Mo—K,-u3ayueHuu. OOujee uMcIO peieKcoB, HCMOMb3OBAHHBIX C pa3BepT 
hOl, hll wu h2l, papyo 421. Murencusyocrb oleHuBaslach BU3YaJIbHO, MO MapKi 
mOvepHeHHA. GHayeHuA F? Haxo_MWIMch C yueTOM KHHeMaTHYeCKOrO H NOMAP 
3all\MOHHOrO *akTopoB. Ha ocHoBe STHX aHHbIX ObIIM NOCTPOeHbI ABYXMepH 
F? PAM MIA HyMeBOK, MepBol M BrOpol cmOeBEIX WHHUL 


Px (x2) = \S) Piney: cos 2 (hx/a + Lz/c) 
h 1 
k=K 


(K = 0,1,2). Ha mpoexuuu uerko BelaBusHch MaKCHMyMbI J u 2 (puc. 1), 1 
TOPbIe ObIIM OTOXKNecTBeHLI Cc BeKTOpama Zn—Cl u Cl—Cl. V3 anaunsa B3t 


MICHHbIX JIBYXMePHBIX Fhx1-PAOB 110 NepBOH HW BTOpOH CJOeBBIM. JIMHU 
P1(xz2) H P2(xz) yqanoch ycraHoBUTh, TO Bextop C1—Cl napasmeeu tilocKoe 
XOZ, OTKYHa BbITeKaeT, YTO ATOMBI XJIOPa CBA3AHBI OCbIO 2-ro NOpAyKa If 
age yepe3 aTOM ItHHKa. M3 cpaBHeHusA BBICOT MMKOB Ha npoeKIHAx nie 
7 


BOH H BTOPOH culOeBEIX AHHH (P1(xz) u P2 (*z)) ObWIO BEISCHeHO, 4TO “aToM 
XJ10pa HaxoAuTca Ha BbicoTe y/b= 0,3 OTHOCHTeNbHO MVIOCKOCTH. B KOTOpOH 
} HaXOMMTCA aTOM WHHKa. Paccrosuue Zn—Cl pasuo 2,35 +0.05A QTo 3Ha- 
| 4eHHE, BBHY HCMOJIb3OBaHHOrO MeTOJa B3BeLICHHBIX nmpoeKuuit MeXKATOMHBIX 
| BEKTOPOB, H€ MOXKET MPeTeHJOBAaTb Ha OOVIbINYIO TOUHOCTD. 


400 
| WAV ad LAS 
8 


| 
A LA 
sss 


nerd 
™S 
8 Zl 


=~ 
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Pue.2. Tpadpuk cpapHeHua uHTeHcuBHocTeli (/) pedmexcop ZnCle-2n-ronyugun (1) 
Hu CoCle-2n-TomyuyuH (2) 


HatijeHHoe paccTOAHHe CBUJETEIbCTBYeT O MPeANOUTHTEIbHO KOBAaJICHTHOL 
CBA3H WeHTPaJIbHOrO aTOMa C TaJIOreHOM, TaK %e Kak H B cTpyKType CoCle -2n- 
TouyHAuH (1'). Bau30cTb MapaMeTpoOB peuleTKH, COBMayeHHe MpocTpaHcTBeH- 
HbIX IPYyMM CHMMeTPHH, a TakxKe NoqoOne AnarpaMM MpOeKIWHH MexaTOMHBbIX 
BEKTOPOB 3aCTABHJIH TIpeAMOJIOKUTh U3OCTPYKTYPHOCTb MPpOLYKTOB mpHcoe- 
QMHEHUA Mapa-TOJyNAuHa K XJIOpHcTOMy WHHKY HW XJOpHcTOMy KOOaJIbTYy. 
Boi mocrpoeubr rpadvKu cpaBHeHHA HTeCHCHBHOCTH JM-lapa-TOJyHHHIH- 
XJlOpKOOaIbTa WU JH-napa-TOyHANHAMXTOpuunKa. Kak BUHO M3 puc. 2, HHTeH- 
CHBHOCTH OOOHX COCAMHEHHH HMCIOT OAMH HM TOT %Ke XapakTep H3MCHEHHH OT 
pecbiekca K pedmekcy, 4YTO NMOATBEPAHIO MBOCTPYKTYPHOCTb STHUX Ccoequ- 
HeHHH. 

Orcioyqa BbITeKaeT, 4TO crpyKTypa ZnCle-2n-ToyHAMH MOVUJIeKyJIApHas. 
ATOM IMHKa HaXOJMTCH B WeHTpe MOUTH MpaBHJIbHOPO TeTpasApa, TBe BepLIMHbI 
KOTOpOrO 3aHATHI aTOMamu Cl uw jBe — aTomamu N. 

Takum o6pa30M, 3aMeHa aMMHaKa Ha apOMaTHUeCKHe AMHHbI He U3MeHAeT 
KOOPAMHAlMOHHOTO YMCA y WHHKa B coequHeHHAX Tuna ZnCle-2A, Tak Kak 
9TO ObWIO HalieHO HM Yy COOTBeTCTBYIONLHX COCAMHEHHH JByXBaJIeGHTHOTO KO- 
OallbTa. 


ABTOpbI CUHTAIOT CBOMM MPUATHbIM LOOM BbIPAasHTb ONarofapHOCTh wWIeHy-- 
Koppecnougenty AH CCCP Al. K. Cpipkuny 3a oOcyKeHHe Pe3yJIbTaTOB.., 
Iocry nus10 


Mougascknh unas | 
Axajemuu HayK CCCP 23 VI 1958 


} 
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XHMAA 


JI. B. ABPAMOBA, H. HW. WEBEPHHA 
M 4JieH-koppecnonnent AH CCCP K. A. KOUELIKOB 


MCCJIENOBAHNA B OBJIACTH PAJXMALMOHHOM XHMuM 
METAJIJIOOPTAHHYECKHX COEAMHHEHMM ri 


PAMMA-H3JIYYEHHA B PEAKILMWH MEXK]Y METAJIJIA4UECKHM OJIOBOM 
MW FAJIOHAHbIMH AJIKHJIAMM 


B o6aacTu pawvall\uOoHHOH XHMHM 3HauHTeNbHOe UHCIO paOoT NOCBAILeHO. 
IZYUCHHIO PeakIH NOW AeHCTBHeEM H3JIYYCHHH BbICOKOM HHTCHCHBHOCTH Ha Boy 
1 BOAHbIe pacTBopbl. B 3HauHTeJIbHO MeHbIUeH Mepe 3aTPOHYTHI MOKa peakIluH 
)PraHHUeCKHX COeAMHEHHH, a Take HeBOHbIe cpesbl. Hakouell, HaCKOJIbKO- 
1aM H3BeCTHO, BOBCe He H3Y4eHbI Mpoleccbl B MeTaJIOOpraHHyeckolt XHMHU 
IO, BJIMAHHEM MOQOOHHIX U3JIyueHHit. 

IIpu cucTtemaTuyecKoM U3y4eHHM 3TOTO BOMpoca B Pa3HbIX HallpaBJIeHHAX 
[aMH OblJIa UCCJIeOBaHa PeaKWHA B3aNMOJeCHCTBUA TasIOMHbIX aJIKMJIOB MW apH- 
[OB C Pa3JIHYHbIMH MeTaJIJIaMH, H B KaveCTBe OJHOFO M3 NPHMepOB, HHTePeCHbIX 
‘aK B TEOPeTHYECKOM, TaK HU B TIpaKTHYeCKOM* OTHOMIe€HHH,— peakIHA B3aHMO- 
(eCHCTBHA TavJIOHHbIX aJIKHJIOB C MeTaJIJIM4eCKHM OJIOBOM. 

Peakuua 97a, BbIpaxkaemMad CYMMapHbIM yPpaBHeHHeM 


2RBr -+- Sn > R2SnBrg 


[ IpOTeKatollat, BeEPOATHO, MO Ooslee CJIOAKHOMY MeXaHH3My (CM. HH2«Ke), He 
[MeeT MeCTa IIPH OObIKHOBCHHOH ‘TemmepatType. OcymlecTBlIeHHe ee Tpedyer 
THOCHTEJIbHO BBICOKHX TeMNepatyp (200°(), 300—350°(?))**. 

BewlefqcTBHe %KeCTKHX YCJIOBHM peakIMH KOHECUHbIM UpoykT 3arpA3HeH 
IPHMeCbIO 3HAYHTEIbHBIX KOHUeCTB (FO 25%) R3SnX u op. pu Hneus6exHOM 
MeCb TIPHMCHCHHH 3alaxtHHbIX COCYOB HaGwlOJasucb (1) CHJIbHBIe B3PbIBbI 3a 
4eT HAKOMJICHHA Tas000pa3HbIxX MpORyKTOB. 

Kpome Toro, kak OblJIO NOKa3aHO Banjepkepkom u Jltonrexom (°), BbILeyKa- 
AHHaA peakUMA OFpaHvueHa HU3IIMMH aJKuaMu (Meru, aTHI).IIpH Harpe- 
3aHHH OpomuctToro A-6yTHJIa HU OOBa No 180° B TeyeHHe HeCKOJIbKHX YAaCOB Be- 
HECTBA HE B3aHMOJeCHCTBYIOT MexKAy coOorw: napbl Opomuctoro A-OyTHa, Mpo- 
IYILCHHbIe YEPe3 PACMMAaBJICHHOE OJIOBO, alOT TOT %Ke OTPHLaTeIbHbIM Pe3yVJIb- 
aT; HaKOHell, B MPOTHBOMOJIOKHOCTh TOMY, YTO HMeeT MeCTO IPH NOJYYeHHH 
AJIOMONPOMSBOAHBIX MeTHJIKPeCMHHA WIM MeTHJIrepMaHua (*), mpomyckaHue 
[apoB XJopucToro N-OyTHIa Hal CmuaBOM OJIOBO —Meb pH 300° npHBoxUT 
‘MIIb K OOpa30BaHHIO OyTeHa, XJIOpucToro OOBa HM Apyrux HemetaJoopra- 
(HUCCKHX ITIPOAYKTOB. 

Ilostomy opraHuyeckHe COuIM JH-A-OyTHJIOJIOBa, HallpuMep MaJleaT WIM Jlay- 
aT, aroulve HavOoOJIbIUMH SPeKT MPH CTAOWN3aHH XJIOPBHHHWJIbHBIX MJIacTH- 


* OjopoopraHuueckne coequHeHHA Klacca ReSnXe OMNCaHbl B MTepaType B KauecTBe CTa- 
HJIM3ATOPOB JIA XJOPBUHMJIbHBIX TlacTHKOB (°), a Take B KAYeECTBE KaTAMM3aTOPOB IPN m0- 
yueHuu momuacupos (*). 1 

** TonbKO JA MpakTHUeCKN MAJONPHeMJCMBIX HOMMCTHIX aIKHJIOB MOXHO OblNO OCyulecT- 
uTb (Kaxyp, 1860) peaxunio Ha couIHeyHOM CBeTy (OMHOBPeMeHHO LVIO YaCTHUHOE Pasmo*RKeHne 
BbIeMeHHeM Hoja). 
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KOB, NOuly4aIMCb YKa3aHHbIMH aBTOpaMH OOXOJHBIM IYTeM, Yepes juctiponop 
I[MOHMPOBaHHe TeTPaaIKWIbHbIX COCMHEHHH O/IOBa 10 MeTosly KouemKoBa (° 


(CiHie)sSn + SnCla = 2 (C,H), Sack 


Hecmotps Ha TO, 4TO BbIXOAbi 3eCb Ob OM3KH K KOJIMUCCTBCHHBIM, HE 
OOXOJUMO ObIIO MpesBapuTebHOe NOyYeHHe TeTpaOyTHJIOJIOBAa. ; | 

CreqoBaTeIbHO, MpeAcTaBIAO CyWIeCTBeHHBIM MHTepec HaliTH HOBbIM MYT) 
IpAMOTO NOMYYeHHA JByra/lOHAHOrO aJIKHMONOBA, KOTOPHIM AaBa Obl BOSMOX 
HOCTb BeCTH Mpollecc MPH OObIKHOBCHHOM JaBJIeHHM MW TemMNepaType HM HCMOVJIE 
30BaJI Obl HOBbIe HCTOUHHKH 9HeprHn. 

Tlostomy MbI mocTaBuuiH cBoel 3afaueli H3y4HTb peakUHIO B3aMMOJeHCTBH) 
raJIOHMHbIX aAJIKHJIOB C MeTaJIJIHMYeCKHM OJIOBOM B YCJIOBHAX OOJyYeHHA 41 
y-ayyamu. Kak culehyeT u3 HWKeMpHBeeHHbIX TaHHbIX, PpeakIluA MexKAy OpG 
MUCTBIMH aJIKWJlaMH WM OJIOBOM MMeeT MeCTO pH OObINHOH TemMepaType, AOcTH 
rad Bprxoga 55 mow. Ha 100 9B (cuuTad Ha rasIOMMHbIM aJIKHJ). 

B ormmuue of peakiuu Mexkyay RBr v4 o0B0M B ycOBUAX HarpeBaHusA (~200°} 
3]1eCb HMeeT MeCTO OOpasoBaHHe JMIIb ceqoB R3SnX. 

IIpH MpHMeHeHHN XJIOPHCTHIX aJIKHJIOB (Ha IpHMepe XJOpHucToroO A-TponHld 
peakuua He Her. B cyyae noxBuxKHOro xXsopa (MmpumMep — XJIOpHcTHIH OeH 
3uJ1) OHA MPHBOAUT K OOpasoBaHHIO HeOOMbINMX KONMUeCTB LJMOeCH3HIa U TBY| 
XJIOPHCTOrO OJIOBa. | 

OMHCTHIe aIKMIbI PearHpyloT MpH OOGyYeHHH JIeErKO, BbIXONbI AocTurac 
‘60 mom. Ha 100 9B. | 

Uro Kacaercad M@XaHu3Ma PeaKILMH, TO MOXKHO MpeANOJORKUTb (B KayecTs 
OMHOM 3 BOSMOXKHbIX CXeM) ero emHOH XapakTep c OO6pas0BaHHeM CBOOOJHBI 
pagqukanoB R’cnocJeLyouluM MPpOMeKYTOUHBIM OOpas0BaHHeM OJIOBOOprakti 
yecKoro payukaua *: 

lt. RBy m~nnw R' + Br | 


De, RS aR si RSn- 


3 RBr + RSn* ——s (RSnBrY + R° 


4 (RSnBri + RBr —> R,SnBry, 


ConocraBJI4a Ha OCHOBaHHM HalllHX MH JIMTepaTypHbIX J[aHHbIX MOBeeHE 
Pa3JIM4HbIX TaJIOHHbIX aJIKHJIOB B PeaKILHH C OJIOBOM MpH pa3JIHUHbIX BUT 
BOSJeHCTBHUA (TEPMHYECKOM, Y-H3/lyYeHHH MH YJIbTpaduosmeroBoro cBera), OTM4 
THM CJlefyroulee: 

1. Xmopucrple aJIKuJIbI HW OOBO (B OTCYTCTBHe KaTaslM3aTOpa) He Jaki 
O/OBOOPraHH4eCKHX COeCAHHCHHH HH MIpH KaKOM Bue BOstelcTBUA (peakILHH- 
B WHOM HampaBJIeHHh). 

2. Bpomuctpie aJIKWJIbI H OJIOBO OOpa3yIOT OOBOOpraHHyecKkHe ae 
mp OOyyeHHH Y-sJIy4aMH HW MIpH TePMHYECKOM BO3AeHCTBHH (B MOCTeHEM CJIy 
wae C OfpaHHYeHHeM JIA HHSWIMX paluKaJloB). YJbTpadHvoseTOBOe OCBeLLeHHE-- 
6e3 BOSJeHCTBHA. 

3. WMoguctle aiKkusbl HM ON0BO JaioT, HaoSopoT, ONOBOOpraHHMyecKHe Coeah 
HeHHA TPH BCeX YNOMAHYTHIX BbIMIe BUaxX BO3LeHCTBHA. | 


| 
| 
IKCNCPHMECHTAALHAA YaAcTb | 


MeToy paOoTH Hu peareuTu. B KayecTBe ucTOuHHKa H3JIV 
yeHHaA mpHMenssca Co®°, KoToppili cooTBercrBoBan 21-103 r-sKB pagua. Of 
JIYYCHHE MPOBOMNOCh B CTCKAHHBIX aMMyslaxX Juamerpom 10 mm 4H BBICOT 
150 MM, OTTAHYTHIX B OTKPBITHIM Kanwap. Temnepatypa Bo BpemMa OMbITG 
He mpeBbiliaia 30°. B caryuae OpomucrToro sTusa BO BpeMa OMbITAa Npoucxoqud 
YaCTHYHOE YeTYYMBaHHe OPOMUAa, U ONDITHI Obl MpepBaHbl HECKOVJIbKO ah 
Bo Bcex culyuaiX aMMysla OAHOM CTOPOHOK OblIa NOBepHyTa K HMCTOUHHKY nd 


* CpaBun, HampuMep, MeXaHH3M PeakIMn Mex/ly raOMLHbIMH aKHaMH M PTyTbIO B Cu 
BHAX yAbTpaduomeroworo obmyuenusa (*). 
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JIYYeHHA HBO BpeMA OGJIYYeHHA OCTaBalaCb HENOJBHXKHOH; MbI TakKxKe He Mpo- 
HSBOJMJIM HUKaKOrO MNepeMeMIMBaHHA, NOCIeqHee, BepOATHO, yyULIMIO O6bI 
BBIXOJIbI. 

PanouqHuble aKWJIbl OUMULaIMCb WM BbICYUIMBaIMCb, Kak OOBMHO. MpI novb- 
SOBaJIHCb MpelapaTaMH, KHMeBLIMMH B npegetax 1—2°, u paOoranu, KaK mpa- 
BHJIO, CO CBexKeneperHaHHbIMH TaJIOMAOMpOu3BOAHbIMH. Merastuueckoe OJIOBO 
(MapKM «UHCTOe») H3MebUaOCb B MOPOWOK B efO XPYMMKOM COCTOSHHH BBIIIe 
200°. Ilo oxa2xeHuH MOpomIoK MpoMpIBaJIca CMUpPTOM, CyxXHM 3(PHpOM H CYyUIMJI- 
CA Ha BO3yXe MPH OObIKHOBeHHOK Temmepatype. O.loBo, He BomemNee B peaK- 
WWI0, MOrIO ObITb HCMOMb30BaHO MOBTOPHO. 

B3aumMoyehctTBue OT0BAa Cc OPOMHCTHM H-6yTH- 
JOM NpwW oOmyueHHuH y-nyuamu. Tlopomox merammuueckoro 
O10Ba (MOJIYYeHHBIM, KaK OMMCaHO BHI) B KoMMUecTBe 33r (0,278 aT) 3anHBan- 
cH B amnywe 4 ma (5,1 r; 0,037 mons) 

Opomucroro A-GyTusa. (CneqoBaTesbHO, Ta6anma 1 
OepeTcH BeCbMa 3HaUHTeCJbHbIM U3ObITOK 


B&B 
iss} 
OJIOBa IIPOTHB ypaBHeHHA; Hal MeTaJ- oe ” i EB 
JIOM HaxOfMTcaA HeGombUo cnol Gpomu- 8s | Cte |S | a(GH)- | 2 
B Coe, -SnBro, rT AS “SnbBrz, Pil oS 
qa.) Boi nocTaBsieH pA OMbITOB Cc pas3- eS gS 2S 
HbIM BPeMeHeM OGJIYYeCHHA, YTO MO3BO-  Z& as as 
JIMJIO YCTaHOBHTb BbIXOJ B 3aBHCHMOCTH 
OT HHTerpaJIbHOH O3bI OOyUeHHA (cM. 
Tao. 1) 13,4 — — aly 52 
sted £55") OE; 9 57 Ses 
Ilo okoHuaHNH OOyYeHHA X%UIKYIO  91’0 24 57 = ee 
YaCTb, COCTOALLYIO H3 CMeCH He BoUleq- 24,0 2,4 58 Dede 58 
mero B peaki\Hio OpomMuya HW mpozyKta 29,0 2,7 59 3,3 58 
peakWHu, CMBaIM 4vepes PusbTp. Mu- ae we ae ey a 
TepeCHO OTMETHTb, YTO B OTIMYHE OT  49'¢ 4.2 55 ae = 
ONbITOB pH BbICOKOH TemnepatType (Ha- 49,0 — — 4,9 56 
mpumep,c CeHsBr no Tprornepy u Kpa- ‘61,0 =~ = 6,7 o7 


yse (1)) KHIKaA YacTb COXpaHHla CBOH 
HavaJIbHbIM WBeT, He NOOypeJla, He OCMOJIHMaCb MH He AbIMHJIa (OpOMUCTHIH BOJO- 
pow). Ova uMewia cla6pii 3anax RsSnX (kaK H3BeCTHO, MIpHMeCH, BeCbMa 3Ha- 
YMTCIbHOH Mp TepMHYeCKOM MOJIyueHHH). OvIOBO, cJIMMMeecd B MOTHYIO 
Maccy, IIPpOMbIBaJIOCb H€CKOJIbKO pa3 Hu3KOKHMAWIHM (~40°) nerpomeiHpim 
SPHPOM, H MpPOMbIBHOH MeTPOJeHHbIM s:Ppup CMELIMBaJICA C OCHOBHbIM (pHJIbT- 
patom. Iloce orroHKH a:pupa HM He BOMeAMerO B peakI{HIO HCXOJHOrO OpoMH- 
cToro OyTHJla ocTaeTcA %KHAKOe AByOpomucToe JH-A-OyTHJOJIOBO. OHO uyeH- 
THPULUPyercA MYTeM MpeBpallleHUs C MOMOUIbIO AMMHaKa B OKHCb UM 3aTeM MIpH 
WelicTBHH XJIOPHCTOFO BOMOpOLa B COOTBETCTBYIOWINH WUXIOpHy; T. nu. 40°, m0 
qMTepaTypHbIM WaHHpM (5) T. WI. AByXJopucToro H-H-OyTHONOBa 40,5°. Bpr- 
XOM (CUMTaA Ha B3ATHI OpomHy) WoctruraeT 55 Mow. Ha 100 9B. 
B3auMofeHcTBHe OFO0BAaA Cc OPOMHCTHM A-T1pONnH- 


OM HAM OPOMHCTHM J9THAOM UPH OOAYUeEHUNUN Y- 
myuamu. B anasorvuHbix COOTHOWICHHAX HM YCJIOBHAX OONyYeHHA OOyye- 


Hue cmMecH OpomucToro A-nponusa WH MOpOWIKOOOpasHOrO OJIOBa MIPHBOLUT 
K OOpa30BaHhio AByOpomucToro Au-A-mpomuooBa. Ilocne oOpl4HOK OOpaoorKH, 
OTTOHKHM MeTpoueHHoro acupa u He BOUeAWerO B peakIHio OpoMusa HM OXJaxK- 


_ fI@HHA, MOJyYYeHO KPHCTaJJIMUeCKOe BELICCTBO C T. II. MOCJI€ MepeKPHCTaJJIM- 


gallu “3 H-rekcaHa 48°; B wluTepatype T. mI. 49°(°). 

Kak H B MpedbiqyueM onbire, peakIMOHHas CMeCb ocde OOyYeHHA MOUTH 
He 3arpaASHeHa MpHMecbIO OPOMUCTOFO TPH-H-MPONHOOBa, He AbIMHT H He UMe- 
€T IIpH3HaKOB ocMoseHHA. Bprxogp cm. Tas. 1. 

[Ipu o6yyennn, Kak onucaHo Bpllue, 4 cm? cMecu Opomuctoro aTHa HM 33 r 
O0Ba H OOBMHOM OOpaOOTKH MbI NOJYUHIH ABYOPOMUCTOe AHSTHJIOJIOBO C BBI- 
xolom 38 mow. Ha 100 98 (unTerpambuasa f03a 50-10% r). Tlocae o6nruHon oOpa- 
6oTKH NomyueHo 4,4 r AByOpomucTOrO AMSTHONOBA Cc T. MI. 63°; 10 MTepaTyP- 
HbIM JlaHHbIM T. MI. 64°(*). 
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IIpeqcraBsiasio MHTepec HccJIeqOBaTb MOMyTHO OTHOWeHHE MOJYYaeMbIx 
AuOpomujosn K o6yyeHnIo. HeOobpmoe KomuMyecTBO uNcTOrO AByOpomucToro 
JIMITHIOOBA WIM JM-H-MpOnMOOBa ObIvIO MOLBeprHyTo OOy4eHHIO Y-JysaMH. 
Ilo kpatineli Mepe npu unTerpatbHo Jose 30-10% r He MpOHCXOAMT CKOJIbKO- 
HHOYJib 3aMeTHOTO pa3uloxKeHHua. Temmepatypbl WvlaBJIeHHA OCTalOTCH He- 
H3MCHMBIIMMHCA. 

O6myueHuve ybTpaduomeTOBLIM CBETOM CMeCH OPOMKHC- 
TOrO 9THMa WH OMOBAa. Cmecb O6pomucToro 9THJa (HH COOTBETCTBEHHO 
6pomuctoro H-nponMua) c H3ObITKOM TOpoWka OOBa NOABeprasiach OOyYeHHIO 
B KBaplleBol amiyie B TeyveHHe 50 vac. mpH 50° kBaplleBol Jamo Ha paccTo- 
AHHM OKOO 20 cm or ucTouHHKa. Iloce O6bryHOw OOpaOoTKH MbI He MOTVIM 
KOHCTATHPOBaTb HaJIMYHA KaKOFO-JIHOO OJIOBOOpraHwyecKOrO CcoeAHHeHHA. 


HayuHo-nccmeqopaTeibcKult (pH3HKO-XHMMYeCKH HHCTHTYT Tlocry musio 
um. JI. A. Kapnosa 5 VIII 1958 


LMTMPOBAHHAS JIMTEPATYPA 


Ge Caebiiiness, Ion Irae eo, AN Wi@ibmiilk, IBer. Sy loos CI@l7)). 

2 AC. Smith, E.C. Roc how) J. Am. Chem: Soc!)75, 4103 (1953)a) ? iso ten 
Plastics, 17, 264 (1952); V. W. Fox, I: G. Hendricks, Ho J, Ria ta. Indiande 
Eng: Chem, 415) 1774" (1949), 43 R.- Cia ld well. US Pat. 272507 11 ee dome 
2G, JJM Van der Kerk, JG) DP Liauijteny J. Appl. Chem .4 7 30INGS54)am 
6K.A. Kouem x oB, KPXO, 61, 1385 (1929); Ber., 62, 996 (1929). 70. A. Peyros, | 
Soe. 23, 428 (1954); §& K. A. KouwemxKos, JKOX, 5, 211 (1935); Ber.; 67, 201 
| 
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Joxunaye Akagemunu nayx CCCP 
1958. Tom 123, Ne 4 


XHMHA 


Usnen-Koppecnongent AH CCCP B. A. JOJITONJIOCK, E. H. KPOMAYUEBA 
vw K. B. HEJIbCOH 


UWHC-TPAHC-H30MEPH3ALNA HATYPAJIBHOrO KAYUYKA 
No BJIMAHHEM AJIFOMMHAMOPrAHHYECKUX COEJMHEHHM 
M YETbIPEXXJIOPHCTOLFO THTAHA 


Kak usBecTHo, KaTaiusatoppi Llursiepa mpHoOpesu B mocjeqHee Bpems cyule- 
CTBCHHOe 3HaYeHHe [VIA CHHTe3a NOJIMMePOB peryJIAPHOH CTPyKTYPbI, B uacT- 
HOCTH WacnomMusonpena (' *). Hapymienue crpykTypbl Wenu 3a cuer OOpa30Ba- 
HHA TPaHC-3BeHbeB JO HaCTOALWerO BPCMeCHH CBA3bIBaJIOCb TOJIbKO C BJIMAHHEM 
@u3HYeCKUX HM XMMHMYECKHX OCOOeHHOCTeH KaTaJIM8aTOPOB Ha XapakTep MpHco- 
eJMHeHHs MOHOMepa (HeHAa) B XOJe mpollecca nomuMepH3alun. B Hacrosulel pa- 
OoTe MO0Ka3aHO, 4YTO HapylIeHHe peryJIApHOCTH CTPyKTYPbl MOxeT ObITb OOyc- 
JIOBJICHO H3OMepH3all\HeH WHC-3BeHbeB B TOTOBOH MOJIHMepHOH Wen B TpaHc- 
3BCHbA MO BJIMAHHEM KOMIOHEHTOB, IIPHMeCHACMBIX JIA BOZOY2KREHHA Mpolec- 
ca nowuMepH3alHH. Ilonpirku u380MepH3allHH HaTypaJIbHOrO KayuykKa B ryTtTa- 
nepuy MO BJIHAHHeEM YJIbTpaduoseroBoro cBeTa H NOX BAMAHMeM Hoja (°) He 
Jaiu omupaemoro adpexta. Bnepsrre Peppu (’) ycTraHoOBH, YTO NO BJIMAHHeM 
XJIOPHCTOrO WHHKa HM YeTHIPeXXJIOPHCTOrO THTaHa HaTypaJIbHbI Kay4yK mpe- 
TepmeBaeT H3MCHEHHA, COMPOBOXLalollMech, MO JaHHbIM PeHTTeHOCTPyKTYp- 
HOrO aHaJI¥3a, UCYe3HOBeHHeM 9dPeKTOB KPHCTaIM3alHH pH pacTA*KeHHH 
pesHH. 

Ha OcHOBaHHH MOJIYYeHHBIX Pe3yJIbTaTOB aBTOPbI mpeAnOJarawr, 4TO nod 
BJIMAHHEM YKa3aHHbIX areHTOB MPOHCXOAHT H3O0MePpH3allHA IMC-3BeHbeB MOJIH- 
MepHOH Wen HaTypaJibHOrO KayuyKa B TPaHC-3BeHbs. 

BnepBpie “u30MepH3aiua Wuc-1,4-3BeHbeB B TpaHc-3BeHbA B HOMMOyTaquene 
NOJ, BJIMAHHEM YJIbTPpacvoJeTOBbIX JyueH B MPHCyTCTBHH OpraHHyecKHX COeH- 
HeHHH OpoMa WIM cepbl Obla ocymlecTBJIeHa HU WoKa3aHa Touy6om (7). B uHa- 
TYpaJIbHOM Kay4ykKe B aHaJIOrHUHbIX YCJIOBHAX OOpa30BaHHA TPaHC-3BeHbeB 
He HaOJOZaJocb. 

Hsyuenve u3omepu3ylomero BuanaAHHA TiCl, wu aJOMMHuHOpraHMyeckHXx 
COeCIMHEHHH MpoBOAWIOCb HaMH B paCTBOPaX BaJIbILOBAaHHOFO HaTypaJIbHOrO 
Kayyyka (HK) B GeH3HHe, B 3aladHHbIX CTeKJIAHHBIX ammyiax. Ben3nu 
nepek ynorpeOseHvem cyliMsica H TeperoHssica Hay, HaTpnem. Besa padora mpo- 
BOMWIacb B cpege cyxoro aprona. Jia Kaxjoro oOpasila onpeeAJIMCb 
HeHaCbILe@HHOCTb H MHKPOCTpykKTypa WenH. 

Uccneqopanve MUKPOCTPYKTYPbl MOJIMH3O0NPeHOB MPOH3BOAMJIOCb NO HH- 
(bpakpacHbIM CMeKTPpaM; OTHOCHTe/IbHOe COep%KaHHe Pa3IMYHBIX KOHDHTYpPa- 
IH 3BEHbEB MOJIMMePHOM Menu ompezetaOcb NO NOFOULeHHIO B OOMacTH 800— 
1000 cm. IIpu stom ucnomb30Baacb MeTOANKa, paspadoTaHHad paHee OJHUM 
u3 Hac (°), Pe3syabraTbl KOMMYeCTBEHHOrO HCC/IeOBaHUA MUKPOCTPyKTyPbI HC- 
xofHoro o6pasia HK u o6pa3ion, nosBeprHyTbIX JeHCTBHIO H30MepH3yIOllUx 
areHTOB, COJepxKatca B TaOm. 1, re mpHBeseHO cosepxKanue Wuc-1,4; TpaHc- 
1,4-,1,2- u 3,4-Koncurypaluli B pacueTe Ha KOHILEHTPallMI0 3BeHbeB C ABOHHOK 
cBA3bIO C=C. 

V3 mpupeqenHpix JaHHbIxX culekyeT, YTO KOMMOHeEHTHI KaTaHsaTopa LLur- 
Jiepa, IpHMeHAeMbIe WIA OCyUeCTBIeCHHA Mpolecca NMOJMMepH3alluu (Tila, 
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Taounuina 1 


Visomepusauva HaTypaJibHoro Kay¥yKa MOA BJIMAHHeM TiCla MM  asmlomMuHHiopraHH4yecKkHXx 
coequHenuii npn 90° M KOHUeHTpalHH KayyyKa B pacTBope 2% 


CrpyktTypa no uHdpakpacHbim 


S 0 

: Soreret| Moxon cea 

% - pusylouero| KHTevIb- Henpejevb- 

& Msomepusylouyui areHtT areHtTa, HOCTb HOCTb, % OT = 

} pec. % K | PeakWHH, TeOpHu t . 

Zz KayuyKy yac. z z 3,4 dpe 

eae 

4 — — — We Boss 95 3 z 0 

2 TiCl, 10 10 86,5; 87 65 33 pe 0 

3 TiCl, 10 10 84; 85 67 aye il 0 

4 TiCla 10 10 He ompege- | 68 29 Ph 4 

AAJIOCb 

5) TiCl, 50 10 OlocF Goyd 13 78 6 3 

6 TiCl, 10 4 Wo 43 (258 74 2a 4 4 
7 TiCl4 10 20 68,5; 64,5 44 of 4 4 
8 AIEt,Cl 10 10 BOE a 58 40 2 0) 
Ae) AlEts 10 10 89; 85,4 49 47 2 2; 
10 AsnOMMHHHSTHII-H- 10 10 83; 81 69 30 1 0) 

(2-benun6yTH1) 

11 | Tpuus06yTuamomH“nHit 10 10 70; 74 43 54 2 1 


AIR;, AIR,Cl), oka3piBatoT H30MepH3yioulee WeHcTBHe Ha NOJIMMepHyto Lenb 
HaTypaJIbHOTO KayuykKa. 

Ha mpumepe yerbipexxsopuctToro THTaHa ObIIO MOKa3aHO, UTO KOJIMYECTBO | 
TPaHC-3BEHbeB BOSpPacTaeT C YBeHYCHHEM KOHILEHTPallHH M30MepH3yrolero 
areHTa H MpOJOJMKHTebHOCTH B3aHMOelCTBUA. 


d 
BA 
2 
B 3 
Puce. |. Ilomoctt normomeHuaA uHppakpacHou payuaunn 
IPH Pa3/IM4HOM COJepr%KaHHH B MOJMMEPHBIX WelAX WHC- 
4h TpaHc-konpurypannh. 1 — HaTypambHblli Kayuyk (HK): | 
unc 95%, Tpauc 3%; 2 — usomepn3oBaHHEIh HK: unc | 
0 y, 65% , Tpauc 33%; ee w30MepH30BaHHbIt HK: wuc 44%, | 
Tpanc 51%; 4 — w30mMepH30BaHHBIi HK: uuc 13%, | 
TpaHe 78% 
6 
12 
600 640 680 cu! 


O6uapy2xXeHHOe HaMH SABJICHHe H30MepH3alHH MNOJMM30NpeHa OTYeTHBO 
WJIIOCTpHpyeTca KPHBbIMH Ha puc. 1, Me NPHBeAeHb! MOMOCHI NOPIOWeHHA 
HHpakpacHoH payMallHU, COOTBETCTBYIOUIMe Pa3/JIHUHbIM COepxKaHHAM ILHC- 
M TPaHC-3BeHbeB. | 

Ilockoubky MomsapHbI KoabpunMeHT normomeHua K Jia WuC-3BeHbeB T0-| 
JMM30NpeHa mpH v = 839 cm + paBeH 52, a JIA TPaHC-3BeHbeB B TOM 2%xe TOUKE | 
cneKTpa cocTaBJseT 28, TO OTHOCHTeEJIbHOe YMeHbINeCHHe HHTeCHCHBHOCTH TOJI0C! 
MOrJIOULeHHA, OOyC/IOBJICHHEIX ILMC-Tpaue- KONHrypalluamu u NPUBeNeHHELX | 
K OJHOH HW TOM Ke KOHICHTPallHH 3BCHbEB C FBOHHOK cBA3bI0 C=C, OMHOSHAYHO | 
XapaKTepH3yeT YMCHbINeHHe COsepxXaHHA B MOJIMMePHBIX IWenAX ILHC- SBeHbes 
M COOTBETCTBEHHO yBeuIHYeHHe TpaHnc-koHdurypalnH. 

| 
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IIpomeccsr u30mepusalun, NpoTekarouve MO BJIMAHHEM YKa3aHHbIX areH- 
IB, COMPOBO*KMAalOTCA CYILeECTBEHHbIM YMCHbIICHHEM HeHACHILLeHHOCTH NOVJIH- 
epa. SHauuTebHOe MOHMKeHHe HeMpeebHOCTH, pH COXpaHeHHH pacTBOpH- 
OCTH NOJIMMepa, OOYCJIOBJIEHO, MO-BHMMOMY, B OCHOBHOM mpolmeccaMH IHKJIN- 
AHH BHYTPH Wen, KaK 9TO ObIIO PpaccMOTPeHO B OJHOH H3 HalHX pa6or. 

YMeHbUICHHE HeMpeeAbHOCTH CBA3AHO CO CIOCOOHOCTHIO YKa3aHHbIX BBILe 
ENMHEHHH pucoewquHATEcaA K C=C cBa3nH. OToMy, m0-BHuMoMy, mpenuue- 
rByeT CTaHA OOpasoBaHuA HeycTOMuMBOrO KOMIIeKCa, CNOCOOHOrO pacnalaTb- 


A C pereHePpHPOBaHveM UCXOHEIX BellecTB. M30mepH3alua MOET MpOTeKaTb 
9TOH MPOMexKYyTOUHOH craquu: 


| | 
ANE TVA 
f LA—-x1\, 
peakuun, cBasaHHble c C=C + JADE 


MCUe3HOBeHHeEM JBOH- 
HBIX CBaZeTt us0MepH3allun 


_ Hamu Opvio ycTaHOBJIeHO, UTO B CyUae AIOMHHUSTHIAUXIOp ua HaTy pauib- 
ibd KayuyK nmoyBepraetca Ooslee rryOOKHM BTOPHUHbIM H3MCHEHHAM: Mmpolecc 
[POTeKaeT B CTOPOHY OOpa30BaHHA HepacTBOPHMBIX BbICOKOMMAaBKHX AMOPHBIX 
fopommkos. AnasiorHMyuHbii addekT HaGwOJaeTcaA B TeX cJTyy¥anX, KOra mpuMe- 
[MIOTCA OosbiNe KOmMUecTBa TiC], (100 Bec.% kK kayuyky). 


Beecoto3uHblli Hay 4HO-HcceEMOBAaTeIbCKUT Tlocrynust0 
MHCTHTYT CHHTeETHYeCKOFO Kay4yKa 22 VIII 1958 
um. C. B. Jle6eqesa 


HWMTHPOBAHHAS JIMTEPATYPA 


eS, Es donne. J. Po Killen twee Shap man, Indy andieng-Chem,,.48, 
fa 794 (1956), * Bb. Wl. Baobunkun, b AY Monromaock, B. A. Kpows, 
(uM. Hayka u mpom., 2, 392 (1957). & HW. HW. Bonaaupesa, B. A. Honmronaock 
[ p., XM. Hayka wu Mpom., 2, 391 (1957). *R. P. Kenney, Kautschuk u. Gummi, 
0, 126 (1957). ® R. H. Meyer, C. Ferri, Helv. Chim. Acta, 19, 694 (1936). 
C. Ferri, Rubb. Chem. and Technol., 11, Ne 1, 350 (1938). 7M. A. Co lu b, J. Po- 
wm. Sci., 25, Ne 110, 377 (1957). ® K. B. Heasncou, Mss.. AH CCCP, cep. ou- 
wy., 18, Ne 6, 741 (1954). 
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lloxnagp Akagemun nayk CCCP 
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XHMU§ 


K. B. 3ABOPEHKO, H. B. KOJIOCOB u B. B. ®OMHH 


ONPEJEJIEHHE COCTABA HM KOHCTAHT YCTOHM4MBOCTH 
XJIOPHJAHbIX KOMIMJIEKCOB CBHHLLA H3 ONbITOB 
lO PACHPEJEJIEHHIO PAAMOAKTHBHOrO H30TONA MEK]Y 
OCAXKOM WH PACTBOPOM 


(IIpedcmaeaneno axademuxom B. H. Cnuuyoinoim 12 VII 1958) | 7 


B. I. Xsonvupm 4 ero uiKo0n (1) Oplulo ycTaHOBJIeHO, YTO TIpH pacnpey 
JICHHH MUKPOSJIEMeCHTa M@E*KTy ocaKOM H pacTBOPOM M38OMOp@HOTO coeAMHeHHY 
MAKPOKOMNOHeCHTA BO3MOX%KHO JOcTHxKeHNe MCTHHHOTO TepMOJMHaMMYeCKOr? 
paBHOBecHa. 

PaccmoTpuM COKpHcTasiusaluiIo Kak OOpaTHMy!o peakilHI0 OOMeHa HOHO) 
OJ[MHaKOBOH BaJICHTHOCTH: 

Mx + Mrs <2 Mrs + Mx. 


KoucTaHta paBHOBeCHaA 3TOH peakILHH 


‘a's 
et 


B 93ToM ypaBHeHuv m — Mukpoaviement, M — maxposviemenT. MHyeKkcb ye 
3bIBaloT (asy (TBepaaA HM XUKaA), B KOTOPOM HaXOAATCA HOHBI; B KBalpaTHbi 
CKOOKaX JaHbl HX AKTHBHOCTH. OHaKO, eCJIM KOHICHTPalWA MHKPOKOMMOHE} 
Ta B TBepOl (base Mala H HOHHAA CHa pacTBOpa NOAWepxKUBaeTCA NOCTOAHHO 
TO BCe KOS*PHILMEHTLI AKTHBHOCTH ABJIAIOTCH MPaKTHYeCKH NMOCTOSHHBIMH Be 
umanHaMn. Ilostomy BMecTO aKTHBHOCTeH MOXKHO B3ATb KOHILCHTPallH, BKJIG 
UMB BCe KOSPPHILMCHTHI AKTHBHOCTH B KOHCTaHTy paBHOBecnHa. YpaBHeune (1 
MIpHMe€HHMO HM K CJlyyalo pacnpeesIeHHA U30MOp(HbIX HOHOB MUKPOKOMI 
He€HTa M@XK Ly MOBEPX HOCTHIO HW PpacTBOPOM (NepBHYHaAA HOHOOOMeHHas adcopouHns | 

B. [. Xsonuupim (1) m0Ka3aHO, YTO MPHCyTCTBHe B BOJHOM PacTBOpe HOHOH 
KOMIJIe€KCOOOpa3yIOWIHX C OJHHM 3 3JIeCMeHTOB m WIM M, BbIsbIBaeT H3MeHeHY 
«KOHCTaHTbD pacnpeqerieHua. B Ja/ibHeHLIeM MbI OyeM Ha3bIBaTb Koadpullver 
TOM paciipeeeHHA BeIMYHHY, KOTOPad NOJyyaeTca pH pacuere no dopmy.s 
(1), Kora BMecTO PaBHOBECHOM KOHILeHTpaluu NOlcraBsAeTca onpememnema 
M3 OMbITa aHaJIMTHYeCKaA KOHIWeHTpallua. 

Msmenenne KosppPHUveHTa pacmpeesIeHHA B 3ABUCHMOCTH OT KOHILeHTpallu 
KOMIWJI€KCOOOpasylollwero HOHA YKa3bIBaeT Ha CYULECTBOBaHHe KOMIIICKCHBIX HC 


( 
HOB B pacrBope. IIpumepbl Takoro BJIMAHMA NpHBeseHbI B padorax B. T. Xaaf 
nuna H A. I]. Parnepa (7) u Keguura (*). B nocmeqHem clyyae MOX*KHO NOKa3aTE 
uTO U3sMeHeHHe D onpejeserca, B OCHOBHOM, H3M€HCHHeM aKTHBHOCTH. | 

Hamu mpeioxwKen MeTox pacuera onpefeteHua cocraBa HW KOHCTaHT ycrTorp 
YHBOCTH KOMIIJICKCOB HOHOB. M3y4aslocb pacnpeyeseHue B Cucteme SrSO,—Pb?!2 
SO, — HCl. Onprrst npousBoyusuch 10 XOpoulo usBeCTHO MeTOAUKe, pa3sp 
OoranHoH B. I. Xaonnupm u ero yuenuxamu (1,4,°). Ec onbirHpie JaHHb 
BbIpaxKaloTcaA opMyvon 


(gal 


so 
Yy — 


D= 


eS 
a 
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rye * MW Y — JOJIM MUKpO- HW MaKpOKOMMOHEHTOB B ocayKe, 1 — x u 1 — y — coor- 
SeTCTBYIONMe OM B pacTBOpe), TO B OTCYTCTBHe KOMIJIeKcOOOpa3s0BaTewHA 
Jo=K; B MpucyrcrBuM KOMIeKcooOpasoBaTea, eCJIM B cbopmyyly (2) nog- 
TABIINIOTCA AHAaJIMTHYCCKHE KOH eCHTpallMu, KOS*PPulMeNT pacnipexeNeHHA ABJIACTCH 
pyHKIMeH KOHIeHTpallMH MOHOB KOMMIeKcooOpasopatesn. Pacuerbl cylecTBeHHO 
/UPOULaloTCH, €CJIM MaKPOKOMNOHeHT He OOpasyeT MpOUHbIX KOMIJIeKCHbIX Coe- 
(MHeHHH C HOHAMM KOMIMJIeKCOOOpa3s0BaTesIA, a TaKXKe OCHOBHBIX WJM KMCJIBIX 
‘OIeH M KOMIIJICKCHBI€ WOHbI He BXOJAT B pelllerKy Coe HHeHHA MaKPOKOMMO- 
rena. [Ipu JocruxeHuN paBHOBecHs B BbIOpaHHol Hamu cucTeme: Pb + SrSOQ,u,, = 


= PbSO,,, + Stix 
[PbSOd]qplSt "Ip. 
Oe Trou sso, ° (3) 


[loka3aHo, 4TO MOHbI CTPOHILMA He OOpasyiOT yCTOMUYMBBIX KOMIIJIEKCOB COeMHe- 

iM © WOHaMM xXJIOpa. B mpucyTeTBHuH xXJIOp-HOHOB, OOpa3y!ONMX KOMIWIeKCHBIe 
a 

tonbI Tuna [PbC],;]~’, Koscbdunnenr pacmpeyenenua D Oyyer ormMuaTEcsa OT 

SOHCTAHTLI paBHOBechHA Dy, Tak KaK BMeCTO KOHI[eHTpalluH HOHOB [Pb™]x, KOTO- 


aA JOJKHA BXOJMTb B YpaBHeHve (3), OyeT NONcTaBAATDCH anasmuTHUeCKaA 
SOHI[CHTpallua, paBHad B STOM clyyae Cpp = [Pb™] (1 + Bf; [Cl’]’), rae 8; —Kon- 
TaHTa YCTOMYMBOCTH COOTBETCTBYIONIUX KOMIIeKCOB HOoHOB PbClF! 


A [PHCES] 
peti ra 
lostomy KosdduuveHT paciipeyesenua 
[PbSOa]..5 [St] [PbSOa]..5 [St ] x D 
; D = —— = —= w =— 
| [SrSOa],, Cpp [SrSO4],, [Pb™] . (1 +28, [Cl’)/) 1+56,[Cl'} 
(JIM 
Dp ha 
a l= SAIC. (5) 


) D 
) Kak BHJHO, OCHOBHOe ypaBHeHue (5) Aa pacueTa cocTaBa H KOHCTAaHT 
TCTOMYMBOCTH KOMIVJICKCHBIX COCHHCHHH C HCMOIbSOBaHHeM 3akOHa pacipeye- 
[CHUA aHAJIOPHYHO U3BECTHBIM yPaBHeHUAM JI MOHHOFO OOMeHa M SKCTPakILHH. 
[ua onpeyenenua j u B; Halo nomyyuTb 3aBucuMocTb D oT KOHIWeHTpallHH KOM- 
WeKCOOOPaso0BaTeIA MPH MOCTOAHHOH MOHHOH cule pacTBopa. OOpabortKa m0- 
IYYCHHBIX JAHHbIX MO%KEeT ObITh NPOUSBEeHa JNOOLIM H3 H3BeCTHBIX MeTOJOB 
> 


IKCMePHMECHTAMABHAA ACTH 


IlpeqpaputebHO onpeeisaacb pacTBOpHMocTb cyJbdaTa CTPOHIMs, Me 
eHuoro S*>, B pacrsopax, cogep»xamux HCl u HClO, B pasmHuHbIxX COOTHO 
NeCHUAX, OTBCUAIOULHX MOHHOL cule, paBHOl equnnite. Kak noKasaJIM KHHETH- 
feCKVE OMBITSI, PABHOBECHE «CHH3Y» YCTaHaBJMBa/IOCh MOBOJIbHO OBICTPO — 3a 
0—40 mun. (pu cKopocTu nepememmBanua 1300 06/muxH). OnpegenutTb pac- 
BOPHMOCTb «cBepXxy» He yfaJlOcb, TaK KaK NOJyualoTca KpaHHe CTOMKUe Tepe- 
BINLCHHbIeC PACTBOPbI HM MepecbIeHHe He CHUMAJIOCb B TeYeHHe HECKOJIbKUX 
eit. Ilostomy Jia pelleHHs OCHOBHOH 3aa4uH MPHMeCHAJIOCh U3yyeHHe pac- 
ipeyenenua Pb? mexy moBepXHOcTbIO OcaKa M HACbILCHHbIM PpacTBOPOM 
aHHOro cOcTaBa. 

B cayuae mpuMeHenua ypaBHenuit (2) u (3) k nepBHUHOH OOMeHHOM aycopo- 
vu KoHWeHTpaiua [SrSO,],, mponopiwuoHasbHa Becy Ocaka, TO cmpaBel- 
MBO Mp UCMOJb30BaHHH MHOTOKPaTHO MepeKPHCTaJJIM3OBaHHOW CYCICHSHN. 
SrSO,len = ky; KoaPuUMeHT MpoMOpUMoOHaJIbHOCTH k moxer ObITb OObeAHHEH 


KouctaHToH D, torga Dk = VD’. 
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Bce onbirHpre JaHHble, MpMBeeHHHIe B TAO. 1, NMOMyYeHbI KaK cpeHee Hi 
4—7 onpefenennii. Cpequad KBaypaTH4uHad MOPpeuIHOCTh AIA 3HaYeHMH pac 
TBOPUMOCTH UD’ COCTaBJIAeT COOTBETCTBEHHO He Oombue 4,5 4 10%. Ilo qaHHbIn 

nocieqHero cTos6la nocTpoeHa 3aBHCH 


Ta6auna 4 MOCTb (PY HKILHH 
‘4d 
Dy 
D’ si | 
Konuentpa-| Pacrsopu- Lewy. Dd’ 
una* HCl, MOCTb p? D’ 
MOJI/J SrSO,, r/a TART CIES [Cl] 


oT KoHLeHTpalnH [C]’]. 


oa wen pase 63 CormacHo ypaBHeHnuw (5), 9Ta yHK: 
0.05 4,90 044 52 ILM JOJDKHa ObITb BOSpacTaioulent. AHA HE 
0,10 1,86 0,09 34 NOJIYYCHHOH KPHBOH YKa3biBaeT Ha Ha- 
0,20 1,81 0,09 17 JimuMe mo6ouKOrO Mpolecca, B Pe3yJIb 
0,40 tis 0,09 8 Tare KoTOporo 3HayeHHe D’ y6piBae’ 
0,50 1,74 0,08 8 y 

100 2.00 0,08 4 MeqWIeHHee, UCM STO CeMyeT M3 ypaBHe 


Hua (5). ITO MOAKHO OObACHUTS BTOPHY 
HOH afcopOuueH OTpHlaTesIbHO 3apsa 
2KCHHbIX HOHOB CBHHILa CyCneH3Hel, 3a: 
PAXKeCHHOM B KHCJIbIX paCTBOpaXx NOJIOKU 
TembHO. TlocnemHee Opblmo0 MOATBepKTeHO CNeMHabHbIMH aJCOPOMMOHHbIM 
OnbITaMH. Of@HaKo B OOaCTH MaJIbix KOHWeHTpaluh[Cl’], rye aqcop6unett orpH 
IlaTe@JIbHO 3aPSXKCHHBIX KOMIJICKCHBIX HOHOB MOXKHO mpeHeOpeub, CcTaHOBHTC 


BO3MOXKHBIM BbIUMCJICHHE M€pBOH KOHCTaHTHI. OkcTpanowupysa KpuByro (puc. } 


* VYounasa cula pacTBopos v= 1. 


x 665 
| foe 
seal a4 
SlalBy se 6 
c sia NS 
gle 
Q01g05 g10 G20 30  g40.manjn 
SACL aap inte 
Puc. 1 


AO MepeceyeHHA C OCbIO OPANHAT, NOWyuaem B;= 65 -+ 9; HalyeHHaA BeHUMH 
CYIe€CTBEHHO He OTJIMYaeTCA OT H3BeECTHOH B aMTepaType (1°). 


Mockoscxuh rocyfapcTBeHHbli yHuBepcuTer Iocrynuaio 
um. M. B. JlomoHocosa 5 VII 1958 | 
IMTHPOBAHHAS JIATEPATYPA 


IB. Le Ap OM WH Goop. com, lism Ab eCCCR 1O5iemmne aber b= ae xerInOrET 
A.\-TI. Pate p, J[AH, A, 723\(1930). *® H. Ka ding, Zs. phys. Chem., A, 162, J 
(1932). *B. T. Xaonun, M. C. Mepxyaosa, Hss. AH CCCP, OXH, 1949 
460. ..2.B. TF. Xaonun, B..H. Kysnemospa, JK®X, 13, Ne8, 1145 (1939) 
8 I. Leden, Zs. phys. Chem., A, 188, 160 (1941). 7S. Frenaeus, Acta Che H 
Scand., 5, 139 (1951). ®& K. B. AnumupcexKudh, DKypH. neopr. xum., 1, Ne3 (1956) 
®B. B. ®omud4, Ven. xum., 24, Ne8, 1010 (1955). 1% A. M.Bacuapnes, B. U.Ipd 
y xu Ha, DKypnH. ana. xum., 6, Ne 4, 218 (1951). 
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XHMH fl 


B.cH. HBAHOB, B. A. 3AXAPOB, IT. A. KPbIJIOBA u H. [. BbIOHOBA 


XHMWYECKMA METO, TOMOPEHM3ALLMM LEJJHOJIO3bi 
MO MOJIEKYJIAPHOMY BECY 


([Ipedcmaeanero axademuxom B. A. Kapeunoim 11 VII 1958) 
> B mpeazpiqyujem coo6menun (!) OniwiM SKCMepHMeHTaIbHO NMOTBepKLCHE 


faliMw TeopeTuyecKkHe NIpeACTaBJICHUA O TeCHOH CBA3H MpOUHOCTH WeJIIOJIOSHbIX 
ISNENMW C TOMOTCHHOCTHIO WeJVJIIOIO3bI MO AJIMHeE ILeMHBbIX MOJIEKY JI. PacueTaMu 


SS} 
3 Ss 
> iH] 
8 x 2 
Ss 0 —- Ll Pact ped 
| F 2000 3000 
7 
6 
y 
=—14 
e 
2 
0 500 7006 


peas 


Puc. 1. ®yHKuuA pacmpefeneHua maccbl. J,— xmoNKoBaa wen- 
mosioza m0 Tumenny (11), 2 —ncxoqHad XJIONKOBaA WemO03a, 
lpuroTopseHHad mo Koper u pew, 3 — xomKopaA Wesos03a, 
oOpa6oTaHHad pas6aBsIeHHOH a30THOH KHCIOTOH, 4 — xnonKoBan 
Wemos03a, OOpa6oraHHan pa3z6aBNeHHOH COMAHOH KUCIOTON 


MO BA3KOCTH OblvIO MOKa3aHO (”), UTO TOMOFEHHOCTb Tak%Ke MMeeT BaxKHOe 3Ha- 
yeHHe JIA BASKOCTHOTO NOBeCHHA KOHILCHTPHPOBaHHBIX PaCTBOPOB IeIIO- 
no3bl. B cBaA3H C STHM MpeACTaBJIANIO MHTepec MpPOBecTH OWeCHKY OTIEbHBIX XH- 
MHUYeCKHX MIPOIeccOB, HCNOJIb3yeMbIX TIpH MepepaooTKe WeMNIONO3bI, C TOUKH 
3peHua romorenusaluu. B auTepatType MMeIOTCHA AaHHble, NOSBOMAIOMLHE CleaTb 
BbIBOJ, YTO B COBPeCMeCHHbIX Mpoleccax Bapku (*), BO3AYWIHOrO H XHMMYeCKOrO 
mpeycospepanua (*,°), or6enku (*), a Takxe pu rugpomnse c conaHon (°) 
CepHOl KHcOTaMH He JOCTHTaeTCA CyULeCTBeHHaA TOMOFeHH3aNA UWeJIOJIOSHI. 

OnpiTbl 10 H3YYeHHIO MOTIOULCHHA WeOIO3OH KHCJIOT 3 BOJHBIX PaCTBO- 
POB mpoBeeHbI C XJONKOBOL WeIOM0380H (mpHroTOBMeHHOK m0 Kopew nu Ipeto) 
WM J[PeBeCHOH LWeMIIONOZ0H (cybPaTHOM WesJIOMOZOH, NOYYeHHOH MO MeTOLy, 
paspa6otannomy B Mucrutyte opranuyeckoli xumun AH CCCP). O6pa6orxy 
asOTHOM KuCcJIOTOH ocymecTBIAIH mpH 92° c KonWeHTpaluelt 0,2 N B Teuenve 
1 uaca Jin XNonkKOBOH Wenmon03bI H 30 MHH. QA peBecHoH IeJIJIIONO3bI. 
B vTaKux %e ycCJIOBMAX XJONKOBaA WesIOI03a Oblia OOpadotaHa comAHOw 
KHCJIOTON. 
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Tomorenu3upyiomnit adbekT OleHHBaIM 0 pyHKWMN pacmpeseteHuaA Mac 
Chl, PaCCUMTAHHOl 10 JAHHEIM HECKOJbKO YCOBepUICHCTBOBAHHOrO CTaHapTHOre 
(8) ocanurenbuoro (bpakWHOHMpOBaHHA TPpHHUTPOSpupa WeMMONOsbI. CremeHl 
nomMMepusauun (P) paccuvTbBaM H3 aHHbIX 0 BASKOCTH pas0aBJIeHHbE 
PacTBOPOB TPHHUTPOIpUupa WeMIOIO3bI B STHJAalleTaTe, NOIb38yACb ypaBHeHHAMI 
Xarruuca (°) u Hptomana, Jlé6a u Koupaga ('°). 

Tlony4eHuple SKCMepHMeHTAaJIbHbIe Pe3ybTaTbl MpHBeweHbl Ha puc. | u 2 
XAONKOBad WeWOI03a, MPHTOTOBeHHaA B Haulei ma6opaTopuu (pue. 1, 2), « 


& TakKxKe HCnOMb3OBaHHad Tumesiom (4 

a (1), 06a aloT BbICOKOH MOJICKYJIAPHO 

d, ss BeCOBOH reTepOreHHOCTbIO. O6pa6or: 

| a A Ka XJIOMKOBOH ILeJJIHOIO3bI COJIAHOM KHC 

aw, lef on d's 2 OTOH MPHBOAMT K erpasalun VINE 

& ia HBbIX I[€MHbIX MOJI@KYJI C HeEKOTOPOH Fo: 
Se x © 

Fy ise | _._, Morenusaitueli (4), B TO BpeMa Kak BOS 

500 1000 J\CHCTBHE a30THOH KUCJIOTbI COMPOBOX:; 

(ES a yaeTca BbICOKOM romoreHHsaluel (3). | 

Puc. 2. PyHKuNA pacmpexemeHHA MaCcCHI. O6pa6oTKa ApeBecHoH cymbparHor 


1 — qpesecHaa wermonocsa, oOpa6otannan eOO3bI NO Metony MOX AH CCC 
pasOaBeHHOH a30THOM KUCIOTOH, 2 — uc- IpHBOAUT K (pH3uKO-XHMHYeECKOH romos 
xoflHaad ApepecHand cyibPaTHaAd Wesm0N03a, | 
oOpasorannast mo merony HOX AH CCCP TeHHSAallHH IesJON03bI C HaIMYHeM MaK 
CHMyMa Ha KpHBOH pacmpeleseHHaA Mac 
cht mpH P = 850 (pue. 2, 2). Boszen 
CTBHe€ a30THOH KHCJIOTHI Ha 3TY WeIONO3y B TeveHHe 30 MHH. MpHBeO Tak 
K TOMOreHH3allHH, HO MaKCHMYyM Ha KpMBOM pacupeyeeHuaA Maccbl Oovlee CBE 
HYT B HH3KOMOJICKYJAPHY1O OGIaCTb HM HaxoquTca upH P = 220. 
Tlony4eHHble pe3yIbTaTbl MO3BOJIAIOT CJeaTb BbIBOA, YTO OOpaboTKa Wei 
JHONOSbI pasOaBseHHOH a30THOH KUCOTOM MOXKeT CiY2KUTh MeTOJOM XUMHUe} 
CKOM FOMOFeHH3alHH WeIONO3bI TO JJIMHe WeMHbIX MOJIeKyJI. COoOoTBeTCTBYHO 
IMM MOJOOpoM yCJIOBHH KOMOMHUPOBaHHOM XHMHYeCKON UM PUSHKO-XHMHYECKO 
TOMOreHH3alHn (KOHICHTpallua, TeMMepaTypa, MPOMOJKUTeJIbHOCTb) MOKHE 
JOCTHIHYTb BbICOKOH CTeNe€HH TOMOFeHH3allH MPH %KeJlaTeJIbHOM 3Ha4YeHHH CTE 
NeHH MOJIMMepH3allHH, OTBETCTBCHHOH 3a MPOUHOCTh Pa3JIMYHbIX H3QeHH Vi 
IL@JJMOIO3bI (BOJIOKHO, OyMara, IVJICHKH). 


Vuctutyt opranuueckou xumuu um. H. JI. 3enuncxoro : Tlocrynuao 
Akayemun HayxK CCCP 20 VI 1958 


) 


UMTHMPOBAHHASA JIMTEPATYPA 


Db. A. 3 ax ap 0.8, bed Mina non; TvA: K piaos a, WH. se BbwHosal 
JIAH, 122, Ne 5 (1958), 2B. WU. Uspanos, Bb. rece axapos, Bym. mpom., Ne : 
(1958). °H. Bonnes, Zellstoff und Papier, 6, 234 (1957). *H. A. Wannow 
Ch. Feickert, Koll. Zs., 108, 203 (1944). ® W. Bandel, Das Papier, 9, 208 
(1955). ®Y. Siegwart, L. Rebenfeld, E. Pacsu, Text.Res. J., 25, 1004 
(1955). “B. HW. Usanos, B. A. 3axapos, Bym. mpom., Ne 2, 5 (1954), 

R. L. Mitchell, Ind. and Eng. Chem., 45, 2526 (1953). ® M. L. Huggins 
J. Am. Chem. Soc., 64, 2716 (1942). 1°S. Newman, L. Loeb, C. M. Conrad, 
J. Polym. Sci., 10, 463 (1953). ™T. E. Timell, Svensk. Papperstidn., 58, 234 (1955). 
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XHMHA 


. H. MAJIbBHOBA, E. Il. MAXEEB, A. JI. KJIEBAHCKMA u H. 1. ®HJIMMOHOBA 


KATAJIMTHYECKOE B3AMMOJEMCTBHE AJIKHJIIUXJIOPCHJIAHOB 
C TAJIONVNASAMEDJEHHbIMM BEH30J1A 


(Tpedcmaeaeno axademuxom B, A. Kasancxum 14 VII 1958) 


O B3aHMOJeHCTBHH aJIKHJIUXJOPCHNaHOB C TraslOW3aMelleHHbIMU 6eH30/a 
$€CbMa KPaTKO yIOMMHaeTCH B HEMHOPHX NyOMMKAaLMAX NaTeHTHOrO Xapakrepa. 
Jo 7aHHbIM ofHoro 43 NaTeHToB (+), B aBToKsaBe mpu 450° 6e3 KaTamusaTopa 
13 MeTHJIJMXNOpcHaHa M XJOpOeHs0uIa OOpasyetca MeTHIPeHHAUXOpCuaH 


CH3SiHCl, ++ CgHsCl — CHs (CgHs) SiCle ++ HCl. 


(Haye pearupytioT Te %e BellecTBa B npucyTcTBHH AICI, umu BCI; (?): B aBro- 
«ape mpu 150—300° npoucxogur o6pa3s0BaHHe MeTHIXJOpmeHusAuxXopcusa- 
HOB C BbIXOJOM OKOIO 6% Ha 3arpy2KeHHbIi MeTHIAUXNOpPCHaH NO Cxeme: 
CHs 


KaTaJH3aTOp ~ 


Gles FpSis Gl By SOA Ol re Pic + He. 
CICgH, 


Hamu uccieqoBaHO KaTaJIMTHYeCKOe B3aHMOJeCHCTBMe MeTHJUXMOpCHaHa 
» XJIOPOeH30JIOM MU (TOPOeH3OJIOM HM STHIAUXOpcusaHa — Cc XxJIOp6eH3OJIOM. 
B HacTosllem McclelOBaHHH B KaveCTBe KaTaJIM3aTOpa, WIM, BepHee, B Ka- 
HECTBe BelleCTBA, U3 KOTOPOTO OOpa3syeTcA KaTaJIM3aTOP, HCNOJIb30BaJIacb Oop- 
Had KMClOTa, KOTOpad NO HauaJla OCHOBHOM peakILHH B3avMOJelicTBYeT C aJIKUJI- 
[HXJIOPCHJIAaHOM C BbIJeIeHHeM XJIOPHCTOrO BOAOpOfa HU OOpas0BaHHeM PacTBO- 
ye 


DMMBIX B PeaKILMOHHOM CMeCH COeAMHEHHH, COUep2xalllUXx CBA3H pe ge Ore 2 


4 


ee Wn. Ses Ve 

SSi— HO — >= SSi—O— B lekGll: 

JSi— Cl + (> Psi <<: 

Ene np uccleqOoBaHul KaTaJIMTHYeCKOFO B3aHMOJeHCTBUA AJIKUJIAUXJOpCH- 
1aHoB c O6eusou0m (*) MbI yOequIHCb, YTO MPHMeHeHHe OOPHOM KUCOTHI MpH 


ApusupoBanun Si—H-cBa3seli mo cxeme 


=f eal ga eae acd Gi Avert 
va 7 
HPeMMOUTHTeIbHee, YEM HCMOMb30BaHHe APyFUX KaTaJusaTOpoB, B CHsy OOdb- 
melt JocrynHOcTU OopHoli KUuCJOTHI, yLOOcTBa OOpallleHnA Cc HEH M AOcTaTOUHOH 
KATAJIUTHYeCKOH AKTHUBHOCTH MpORYKTOB B3aHMOJeCHCTBUA e€€ C XJIOPCHaHaMH. 
OnbiTbl NO KaTaIHTHYeCKOMy B3aMMOJeCHCTBHIO aJIKHIJMXJIOPCHNaHOB C 
-aJIOHI3AMeUCHHBIMH GeH30J1a NPOUSBOMJIHCb B aBTOKJaBaX M3 Hep2KaBelolet 
~Tanu emKoctbio 0,6 1. ABToKIaB Ha 56—60% oObema 3aNOHAJICA HCXOAHBIMH 
*MeCAMM, K KOTOPHIM LOOaBsAIacb GopHan KucmoTa. Ilocme repmMeru3allHH aB- 
rokiaB HOrpy2xKaJica B HarpeTyio MacuisHylo Oanto. Temnepatypa B aBTOKsaBe 
iepes 20—40 muH. WocTuradla 3aaHHOrO 3HayeHHi. Cmecb pearupyiollHx Be- 
IecTB HarpeBalach Mp 3aaHHOH TemmepaType AO MpekpallleHuaA pocTa MaB- 
meHus, mocse vero HarpeBaHhe MpososKaIOCcb eLle 15—20 mun. Ilo oKxonya- 
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HUM HarpeBaHWA aBTOKJIaB BbIHHMaJIM U3 OaHu UM WaBaJId EMy OCTbIHYTb NO KO 
HaTHOH Temnepatypbl. PasooOpasHble MpOLyKTbI PeakWHH COOMpaJIHCh B rasOMeTp 
a XKWKad CMe€Cb PeKTHMILMpOBaslacb Ha KONOHKe 9ddexTuBHocTLIo 14 T. 
Jlerkokunaujue bpakun OTTOHANMCh Mp aTMOcdepHOM AaBeHHH, PeKTHd 
Kalla BbICOKOKHMAULUX MPORYKTOB peak MpOM3BOMacb B BaKyyMe. | 
Beneycrsue Ooubiuel TepMHuecKOH yCTOMYMBOCTH raOHOeH3OuI0OB 3arpys 
Ka HX B KOJIHMYeCTBe, MPeBbIWAaOUleM CTeEXHOMeTpHYeCKoe, OAarOMpHATHO CKa 
3bIBaeTCH Ha BbIXOJe alkKuralon\penuiAUxNopcuanos. Hamu Onwio MpHHATe 
KaK OMNTHMAJIbHOe MOJIAPHOe OTHOLMMEHHE AIKMJUXOpCHsiaHa K ralo“sOeHsouy; 
paBuoe 1; 3. Pay onpiroB noKa3al, YTO WOOaBKa OopHOu KUCOTHI B KOHYE 
crse 0,3% or Beca peaKIHOHHOM cMeCH ABAeTCH ONTHMaIbHOH. Bowbuiee KO 
JIM4ecTBO GOPHOM KHCJIOTbI CHAbHO YCKOPAeT AUCMpONOpiMOHHpOBaHHe aKUIL 
WUXJIOPCHMaHOB, MeHblee — He B COCTOAHHH OOecneUUTb LOcTaTOUHy!0 CKOPOCTI 
peakIlMu; B OOOMX cy4anx HaGIOMAeTCA CHWKEHHE BEIXOa al KUITaNoUAPenHh 
JMXJIOPCHJIaHOB. 
B3sauMoOReHcTBuUe METHUA- H ITHARUXAOPCHAaAHA | 
xlop6eH3020M. B aproKias 3arpyXasocb 101,2 r MeruuxJIOpcuJae 
Ha, 298,8 r xmop6eH30Na u 1,2) 


Ta6nuna ft 6opHow KucNOTH HIM I1] Fr sTHm 

Auxuopcusana, 287 1 xmopbeH3a 

eee RS He ecrynuso B peak- ya y 1,19 r OOpHOH KHCJIOTHE 

a CCH, 7 1Cl uno, % or sarpy- , 

SS 4 wa CjH.SiHCl, 2*KeHHOrO Temnepatypa, HeoOxoyumMaA J 
aig Hayasla peakKWHH MeTHJIUXOpC 
Be wlaHa Cc XJIOpOeH30JIOM, paBH 
es 3arpym. |mpopearup.| CgH,SiHCl,| C,H;Cl 955°. Uepes 90 muH. nocae Hay 

Jia peakIlHH JOMyYCTHMO CHHXKeHH| 

260 18.6 24.8 24.8 80.8 Temiepatypbl Ha 5°6e3 3amMeTHOr' 
270 ily Aig 19,6 76,8 YMeHBUICHHA = CKOPOCTH Mpoll 
285 16,3 18,7 12,8 75,0 ca. Temnepatypa B3axMmojzelic 


BUA STHIMXOpcHlaHa c XJIO 
6eHso0m Ha 10° sBpmme.§ Yka3aHHEIe TeMIepaTypbl ABJAIOTCA! ONT 
MaJIbHbIMH. 

B ta6a. 1 npHBoquTcA 3aBHCHMOCTb BbIXOJa 3ITHIXJOppeHHIAUXNOpCHan 
OT TeMHepaTypbl CHHTE3A. ; 

IIpH B3aHuMoelicTBHH MeTHIUXJIOpCHaHa C XJIOPpOeH30JIOM B ONHCaHH 
YCNOBHAX MOJyYalOTCA PeaKILHOHHbIe CMeCH Ceyrollero coctaBa: ~6% HeH3M 
HEHHOTLO MeTHJIJUXJOpCHaHa,~7 % MeTHITpUXJOpCHaHa,~5d % WHMeTHILUXJO 
culaHa,~ 60% HeH3MeHeHHOrO xopG6eH301a,~4% mpoMexyTOUHOH cpakunu 
T. K. 44—128°/29 mmM,~10% merunxnopdbeHusquxsopcuiaHa H ~5% mpony 
TOB, COCTaBJAIOWIMX KyOoBbIi octaToK. Tasoo6pasHbie MposyKTb peakvey 
oOpa3yroujveca B KONMYecTBe 0,32 r-mMow. Ha | r-MOu. 3arpy2XeHHOrO MeTHIT, 
xopcuiaHa, cogepxatT 86,5—87,5% Bozopona, 9—10% merana u 0,7—1°® 
xslopucroro Bogopoga. Tpu pextucduxallun u3 peaKIMOHHbIX CMeceli BEIeIs 
IOTCA CpPaKWUMH METHIXNOPPeHHIAUXJOPCHaHa, ABJIAIOU[MECA CMCCAMH O-, 44 
HM N-H30MepoB, HMelollMe T. Ku. 232—238°; d* 1,2920 — 1,2965; n® 1,5338- 
1,5342; MRp nalizeno} 54,09—54,26, spraucneno 54,08. | 


Hatigeno % : rugpoms. Cl 31,21—31,97 | 


Buruncneno % : rugpomm3. Cl 31,43 


VYs0mepbl MeTHJIXOPPeHHILUNXMOPCHaHa COepxaTCA B BbIDEJCHHBIX (pak 
WHAX B CJIEAYIOULEM COOTHOMIEHHH: OpTO- ~20% , Mera- ~45% u napa- ~35%* 
Bplxol MeTHIXNOpPeHHIAUXIOPCHIAHOB cocTaBuIneT 24% Ha mpopearupoBak 


IWHH MeTHIQUXJIOPCH/IaH; B aBTOKJaBaxX OoubueH EMKOCTH BbIXO ocTurae 
27%. 


* CooTHolleHve u3somepos B dpakuMNAX MeTHITaNoMAeHuLUxXNOpcuaHOR oNpeneAnoc 
C MOMOLLbIO MeTOa KOMOMHAaLMOHHOrO pacceaHus cBeta K. K. Tlomkoppim, 3a uTo NpHHOCHM eM 
ray6oky!0 OarofxapHocth. 
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IIpu B3aumoyelictBHH STHAUXJOpcuJaHa C XJOPOeH30NOM B ONTHMAJIbHbIX 
CNOBUAX MOJIyYaloTCA CMeCH, CORepKalive:~7% HEH3MeHEHHOrO STHIAUXJOp- 
CHlaHa,~5% sTHITpuxNopcHana, ~2% AusTHIZUxXNOpcumana, ~60% xuop- 
Oensoa, ~4% npomMexyTouHon dbpakunu crt. Kun. 37,5—135,5°/18 um, 9,6% 
STHIXIOPHPeHUIAUXMOpCHaHa u ~6% MpORyKTOB, OcTalolMUxcs B KOUOe peKTH- 
uKawHOHHOK KONOHKH. Ta3006pasubie MpOyKTH peaklluu, oOOpasylomeca 
B kouIMuecTBe 0,32 r-Mon. Ha | Tr-MOJ. 3arpy2XeHHOFO STHAUXOpCHsaHa, Cco- 
Mepxat 90% Bogopotqa u 5% 9TaHa. Buenaemble pekTudukallueli us peak- 
IMOHHBIX CMeCeH (ppakI[HH, ABJIAION[HeCA CMeCAMH O-, M- H N-H30MePOB 9THJI- 
AOPPCHHIUXMOPCHIaHa, MMeloT T. Kun. 255—258°; d20 1,2592—1,2621; 


7.1 ,5298—1,5317;, MRp waiiqeno 58,76—58,83, Bpruucieno 58,71.%9 


Haliqeno % : rugpoums. Cl 29,91—30, 36) 
Berunceno .% :\ragpom3. Cl 29,59} 


BbIXOL STHIXNOpPeHUAAAXJOPCHaHOB AocTuraeT 25% Ha npopearupoBas- 
WWMM STH LMXJopcnsaH. 

B3sauMoReHcTBHe MCTHAARUXAOPCHMAaHa c gTop- 
Oen30a20MmM. B aprokiaB 3arpyxKasocb 100 r mMeTumquxnopcuiana, 250 r 
@rTop6en301a u 1,05 r 6opHoH KucnoTH. MuHuMasbHad Temnepatypa, HeOOxo- 
AMMad JIA Havala peakIWH, OKa3alacb paBHOH 255—260°, ona xe ABJIAeTCA 
ONTHMaJIbHOH. B pesyibTaTe B3aMMOJeHCTBUA B YKa3aHHbIX BbIMMe YCIOBHAX 
loOpasyioTcs: CMeCb 2KHIKHX BeeCTB, coxepxKaliad ~ 8% MeTHJITOppeHuLu- 
|XJIOPCHaHOB, HW razs006pasHble MPOLyKTHI B KOMYecTBe 0,35 r-Mou. Ha 1 r-Mow. 
3arpy2xkKeHHoro MeTHJIJUXJOpcHlaHa, coepxaune 83—86% Boyopona u 12— 
14% merana. 
| IIpu pexrudukaluu xXMKUX NpPOAyKTOR peakUUMU BbIensoTCA pakiHH, 
SABJISIOLHCCH CMECAMH O-, M- HM fl-H30MepoB MeTHJIGTOppeHusAUXsOpcHaHa C 
T.<kun. 196-—199,7°; d® 1,2438—1,2492; n2°1,4960—1,4998; MRp naliqeno 
49,06—49,32, sBpraucieHo 49,27 


Hatinzeno % :,Cl 33,66—34,20 
Buiuucseno % : Cl 33,91 


CooTHOUIeHHe H3OMePOB MeTHJIPTOPMeHHJIAUXJOPCHJ1aHa B BbIJeJICHHbIX Ppak- 
WuAX Cremyroulee: OpTO- ~25% , Mera- ~60% unapa- ~15%. Brrxoy meTusdptop- 
(CHHITUXJOPCHMaHOB COCTaBJAeT 
18% Ha mpopearMpoBaBLIHH Me- 
TUJIQUXJIOpCuaH. 


Ta6auna 2 


YCMOBHA B3aHMOJICHCTBHA Me- — Ycxoguoe | Munumasp- Moe Roa Epon 
THIUXIOPCHIAHa C GeHSOIOM H — *ROMATE LEST TYE | Gopwott | a a SiCla 
eFO Ta/lOHSAMeWCHHBIMH, A TAKYKE —coegunenme| CHHTESA, | YMCHOTHL | of Lk CHUSIHCI, 
BbIXOJ[bI IPOAYKTOB peakILHu, COMO- cmecu 
CTABJIACMbIe B TaOJI.2, CBUeTEJIb- 

CTBYIOT O TOM, YTO HM B paccmar- cen ‘ 240-45 0,4 40 
PHBaeMOl peakIHH WMeeT MeCTO pet 250-45 0,3 ay 
SAKOHOMeEPpHOe MOHWXKCHHE PeaK- — gropoeu- 

IMHOHHOM CMOCOOHOCTH O€H3OJIbHO- 30J1 255-+5 0,3 18 


rO KOJIbI.a TIPU 38aMeWleCHHH B HEM ’ 
AaTOMa BOJOpOJla aTOMOM TraJioH sla. TeHJe@HUUA K MOHHKEHHIO peakKUWMOHHOW CNO- 


COOHOCTH TEM CHJIbHee, YeM OouIbLUIe NOJIAPHOCTB Taviouya. 


Tloervnusio 
10 VII 1958 


LIMTHPOBAHHAS JIATEPATYPA 


1 Brit. Pat. 635645 (1950); Chem. Abstr., 44, 6882 (1950). * US Pat. 2499561 (1950); 
“hem. Abstr., 44, 5907 (1950). ®T. H. Manpuosa, E. Il. Muxees u Op., JIAH, 
17, Ne 4, 623 (1957). 
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Jloxuagm AxkapwemMun nayk CCCP 
1958. Tom 123, Ni 4 


XHMH Sf 


MW. B. NMAWEBHY, axagemux A. B. TOMUMEB u B. A. UWITEPH 


B3AMMOJIEHCTBHE AJIKWJIbBHbIX PAJWKAJIOB 
C ABYOKHCbIO A30TA 


CorjlacHO COBPeMEHHbIM TipeCTaBJIeHHAM IeHTpPaJIbHbIM 3JIEMCHTaPHbIM IIpo- 
WeccoM Mapodba3HOro HUTPOBaHUA aJIKAaHOB ABJIAeTCA B3AHMOJeCHCTBHEe aJIKUJIb> 
Horo paguKkasia Rc NOs. IIpeqnouaraetca, YTO OHO MpOuCxXOAUT MO AByM Ma 
paJIeNbHbBIM MYTAM, C OOpa30BaHHeM HUTPOCOeJMHeEHHH MU aJIKHJIHHTPHTOBI 


RNP2 
‘ Ji 
R + NOz 
NX 
ROEO 


(1a) 
(16) 


TlanbHeliee MpeBpalleHHe aJIKHJIHHTPHTOB pacCMaTPHBaeTCA OOBIYHO Kaki 
HCTOUHHK BOSHHKHOBeCHHA JCHCTBUTeEJIbHO NOMYUalOMUXCcA IPH HATPOBaHHU Mmpo4 
JLYKTOB OKHCJICEHHA MH ecTpyKuuu NapaduHoBon menu. IIpu stom npesnomaraer+ 
CA, 4YTO MepBHYHBIM aKTOM MpeBpallleHHA aJIKMJIHHTpHTa ABMAeTCA ero pacnajl 
m0 ypaBHeHH0: 


HONO ——- RO -LNO. (2 


Tako paciay mpoucxoguT H60 Tepmuyecku (+), mH60, Kak MpeqnooKH! 
[pei (7), B MOMeHT NOJyYeHHA aJIKHHUTpUTa MO ypaBHeHulo (16). Taxol 
HeMeJJICHHbIM pacnay [pei oObsacuaeT TeM, 4¥TO MpH OOpasoBaHuH R’CH2 — 
ONO-cBa3H BbIelseTCH SHeprHa B 57 KKaJI/MOJb, a JIA paspbiBa cocesHel 
R’CH20 — NO-cpa3u Tpe6yerca Bcero sumb 37 KKad/Monb. AKOKCHJIbHDIL 
palukaJl Np JaibHeMWMX CBOHX peBpallleHHAX aeT Takve NpOLyKTHI OKUCITE 
HUA, Kak abwerugpt, CO, COz. Kpome Toro, B3aumojelicrsya c NO, on MOET 
WaTb HUTPUT yxKe BTOPHYHOTO MpONCxO*KeHUs: | 


RO'+-/NO' == | RONO: (3) 


VisnoxeHHble pefcTaBJieHiAl O M€XaHH3Me HHTPOBaHHA ABJIAIOTCA runoTe- 
THYCCKHMH VM HHKOTa He ObWIH NPOBepeHb! IPAMBIM 9KcMepHMeHTOM. B HacToa- 
mel paOoTe usyyanocb HeMOcpecTBeHHOe B3auMOselicTBHe R c NOs npn HeBbr 
COKHX TeMMepaTypax, KOFja MCKJIIOUeCHLI TepMHUeCKHe MpeBpalleHus MmpomMe- 
XKYTOUHBIX HM KOHCUHBIX IPOAYKTOB. OTO OKa3aJIOCb BO3MOXKHBIM, HOCKOMKY 


NOez, uMex HechapeHHbli 9S/eKTPOH, MpefcTaBsAeT coOol palquKanonoxoOHyto 
° | 


MOJI€KYJY MU B3auMoyelctBue R -- NO, merKo mporekaer pH HUSKUX Temmepa- 
Typax. Lenbio paOoTb! ObWwIO BBIACHHTb, OCYILECTBIAIOTCA JIM Ha CaMOM JleWe 
mBpa ynOMsaAHyTbIxX nyTH (la) u (16), NonyunTh JaHHbIe O Jalbueliwem moBese- 
HuM RONO, u u3 3aBHCHMOCTH OTHOWMeHHA KOsMUeCTB OOpasyrommuxca RNOs 
u RONO or TemmepatTypbl ONpefemuTb pasHocTb SHeprnii axTuBaluu (AE) u 
OTHOIMeHHe cTepHuecKHX (aKToposB (fi u fe) 9THX MyTel: 


REENO3) = A pager ; 
xRONO fe 
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ANKMIbHBIe palukasbl Noyyanuch NO peakuuu atomos H c¢ C,Hy. Crpya 
MONEKYAAPHOTO BOMOposa, coxep2xamero aTompr H, BbITATMBasacb u3 pa3paq- 
101i TpyOKH B peakTOp, re NO ABYM MOjlayaM B Hee NOAMeMMBaIHCh Colas 
NO2. PacctosHne oT Mecta BBoga C2Ha go BBoga NOs morno u3MeHATHCA HW TeM 
“AMbIM H3MCHAIOCb MECTO BCTPeyH payuKasOB Re NO, no AHHe peakTopa. 

B mpoyykTax pasHbIx cepuii ONbITOB ONpeNeAJIMCh: 


| CHa, CsH., CsHy, CO, CO, NO, RONO, RNO2,"s RCHO. 


YrleBOAOPOAHble Tasbl aHaIM3HpOBasucbh XpoMaTorpaduyuecku Ha yrOJIbHOH 
1 CHuIMKareseBol KOMOHKaX, CO, COz 1 NO — normonmenuem B pacTBopax nowy- 
XJIOPHCTOH MeAM, WeNO0uH M MepeKHcH BOJOposa, cooTBeTcTBeHHO. Onpesenenue 
WIKUJIHHTPHTOB MpOBOAMJIOCb MO paspaOoTaHHOH HaMH NomAporpaduyeckol 
wetoquKe (2). Hamu Ob TaKxe paspaOoTaH MeTOy NomAporpaduyeckoro onmpe- 
[eleHHA HATPONapaPuHOB, aJIKHJIHHTPHTOB MW aJsiblerufOB Mp COBMeCTHOM UX 
IpHcyTcTBuH. 

 B xauane OpiiM MOBeprHyTbl MpeABapuTeIbHOMy UCCeAOBAHHIO Mpouecchl, 
<OTOPble, OUCBHHO, MOFYT MpOTeKaTb B peaKTOpe Hapsyly C OCHOBHBIM H3yuae- 
MbIM Tpomeccom R-++ NO,. IIpx psanmogettcrsuu atomop H c C,H, Opium uali- 
(eHbl TOWbKO CH, u C,H,. Bonee Tarkemble yrueBoqoposbl, HaliyjeHHble B 3TOM 
culyuae B paye pador (*°) B pa3JIMUHBbIX KONMUeCTBaxX B 3aBHCMMOCTH OT ycJIO- 
3H SKCHepHMeHTa, B HaluMX ycOBuAX (Py, = 2,3 mM, Poy, = 0,05 wm, J = 
= 0,07 —0,75 a, t= 20—90°) o6napy2xKeHbI He ObimH. Takoe pacxormyeHne 
cJleyeT, MO-BAAMMOMY, MIpHMucaTb BbICOKOM KOHMeHTpanuM aromop H pB Haumx 
OMbITAX. 

| Hanee Oblio NoKasaHo, YTO Mp B3aHMoyelicTBuH aromos H c NO, (Py, = 
= 2,3 MM, Pro, = 0,08 mm, J =0,75 a, ¢t = 20°) oOpasyerca NO. Haxkouen, 65I- 
jlO MOKa3aHO, 4YTO B HauIMX YCJIOBHAX HM3KHX JaBJeHHH WM HU3KHX TemMepaTyp 
OTCYTCTByeT B3aHMOjelcTBHe C,H, c NOg. 

_ TJeppaa cepHa onbiTroB mo usy4eHHIo B3aMMoyeicTBuA Rc NO, Oplia mpoBe- 
eHa mpH nogaue C,H, u NO, B ofHO H TO %xe MecTO peaKTOpa (Py, = 2,3 MM, 
Pou, = 0,05 mm, Pyo, = 0,08 mm, J = 0,75 a, Verpyx = 1 M/cex). B 9T0m cuy- 


ae peakiua R-+NO, npotekasa B mpucyTcTBHM u36bITKa aToMoB H. PesyvibTaTbl 
WBYX THMMUHbIX OUBITOB STOH CepHu MpHBOAATCA B Ta6y. |. 


CocraB mpolykKToB B3avmMonencTBua R c NO» BmpucyTcTBun aToMoB 


| Tadauna ft 
| H, ¢ = 20° (mou. nporexTet) 


CHy C2H, CoH, co | CO, HCHO RONO | RNO; 
19), 4 | 5,2 59,0°| 9,0} 4,2 5,10 0, 94 | Ost 
22,2 5,65 | 55,5 | 6,3 | 4,24 Goll 1,0 0,85 


Kak BuqHO 13 Ta6.1,B IpOAyKTAaX ONbITOB O6HapyxuBaloTca H RNOzu RONO, 


T. €. JeHCTBUTCILHO OCYLICCTBIAIOTCA [Ba MyTH B3auMoyelcTBuA R c NOs. [o- 
CKOJIbKY TepMuyecKHH paca RNOz uRONO npn KomHaTHOM TemIepatype uce 
KIIOUeH, OOPas0BaHhe MpOkyKTOB oKuceHuA (CO, CO, u HCHO) moxuo Opto 
6bl CUHTATb JOKa3aTeJIbCTBOM ClpaBeIMBOCTH MpesctaBuenul pea o pacnare 
RONO Bb moment oOpa30BaHus. B sTOM ciyyae MOXHO MpeANONORKUTh, YTO B 


pesyslbTaTe B3aNMOJelicTBHA OOpasoBaBlueroca pagquKasla RO c aTomaMH H u 
NOz nomyuatoTcs ambgerug, CO u COs, a mpucytcTBue B NpOsykTax RONO 
JObACHAMOCh Obl BTOPHUHBIM eFO OOPa3OBaHHeM M3 aJIKOKCHJIbHOTO paMKaJla 
4 NO, nonyuaromelicx no peakuuu NO, c atomamu H. Ofnaxo cmelinasbHo 
TOCTABJICHHbIe OMITbI 10 H3YYCHHIO B3aMMOAeHCTBHA 38aBeOMOro C2H;ONO c 
atomamu H (no 6e3 NOz) nokasamu, uTO B STOM CJly¥ae Takwxe MOyualoTca 
amberug u CO. Kpome Toro, Obwio HalfeHo, uTO H CH,NO, B3aHMOLElICTBYET C 
aToMamu H, mpuyem cTelieHb MpeBpallleHuA B HAalHX YC/OBUAX jocturaet 60%. 
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Takum 06pa30M, Kak JIA MpoBepku runorespl Ipex, Tak M AA HaxXO2xK eH 
MCTHHHOFO COOTHOMIEHHA M@KTY oOpasYIOWMMuCH RNOz uv RONO xHeo6xoqum 


OO MpOBeCcTH HcceLyeMy!0 peakI{Hio R + NOz B orcytcTBve u36bITKa aTo- 
mop H. 9Sroro yalocb WoOuTbca WyTeM YaJieHHA MecTa NosayH ABYOKHCH: 
a30Ta OT MeCTa BCTpe4uH 3THIeHa MH aTOMapHOrO BOAOpora Ha 90 MM, yBeH4eHHa) 
KOJIM4eCTBA MOJaBaemoro sTHIeHa WO Pc.y, = 0,16 MM, YMeHbUICHHA CHIBI TOKaL 
B pa3paqHoH TpyOKe Jo 0,07 a. Bce aTo pHBOLMNO K YMeHbIUeHHIO KOHILCHTPa« 
WMH aTOMapHOro BOJOpOa B MecTe BCTpedH Rc NOs. Kak oxasasocb, mp nd 
BeeHHH TaKOrO 3KCMepHMeHTa B IIpO- 
WyktTax ombita otcyteTBylor CO, COs 
Tlopeyenue CHgNOz2 B yeu OMbITOB 6e3 W ablleru; 9TO O3HauaeT, YTO B3aHMO- 
pee iia Relictsue RONO c aTomapHbim BOLOpO- 
Hatiqeno CH;NOz, mm JOM He HMeeT MeCTa. | 
Jia RoKa3aTeibcTBa Ke OTCVTCTBUS 
“PCHLNO,  -B 9THX YCMOBHAX B3aHMOJeHcTBUA aTO~ 
MapHoro Bogoposa c RNO, MBI BBOLH- 
0,00 0,0 | 0,0216 JIM B peaKWHIo 3aBeqoMbIM CH3;NOz,, m0-> 


Dealt ee 


Cua TOKa B 
pasp. TpyOke, | Ges BBeJeHHA 
a CH,NOz 


0,07 0/ 00966 0/0309 japan ero BMecte c NO). Kak BuqHO H3% 
Ta6. 2, KOMM4eCTBO HalieHHOrO B Ta- 
KMX ompirax CH,NO, paBHo CyMMe ero KOuHYeCTB, OOpasyIOWUXcA B OObIYHOM 
(r. e. 6e3 WoGaBKu CH;NO,) onpire B Tex 2Ke YCMOBUAX, H HCKYCCTBeHHO 00aB+ 
JICHHOrO. 
Ta6auna 3 
CocTaB MpoykToB B3aHMoseHcTBUA R c NO» 6e3 u36nITKa aTomos H 


Haliqeno, Mon. % Hatigeuo, mon. % 

eve RNOsz 4, °C RNO,z 

RONO RNOz RONO ; RONO RNOz RONO 

96 ols 68,2 PA Nee: —15 PANS 78,4 3,62 

50 29,8 TO Deca, 96 30,0 70,0 PA aes 

18 29,0 ea) 2,45 50 PACE) 13) Pi if 8) 

18 26,3 Her yl 2&3) 18 220 78,0 3,00 
—15 AT als 82,4 4,67 


TakHM O6pa30M, B HaHjleHHbIX YCJIOBHAX He MMeeT MeCTa B3aNMO]eh 
CTBHe aTOMapHOrO BOJOpOLa HH C HUTPONapaduHoOM, HU C aJIKHJIHHTPHTOM. 

Pe3yIbTaTbl JBYX CepHH OMbITOB, 
NpOBeeHHbIX MPH ueTbIpex pa3sH4- 
HbIX TeMMepaTypaxX, MpeLCTaBJ1 eHbI 
BY ra61. 3. 
"CO, CO, u» HCHO B npogyxtax 
OMbITOB pH BCexX TeMmMepaTypax OT- 
CyTCTBOBaJIM (mpu 96° HaliqeHbI cure- 
Wbl aibleruya 10 KayecTBeHHOH pe- 
aKIMH C JMMeOHOM, 4TO TOBOpHT, 
NlO-BHJHMOMY, O Hayale TepMH4yec- 
Koro pa3oxeHua RONO mpu 9Tor 
TemlepaType). TakuM oOpa30M, po- 


WyKTaMu B3auMogelictauad R + NOs 
B 9TOM CJIYYae ABJIAIOTCA TOJIBKO 
RNOz u RONO. | 

Cnelysa mpenctapnenuam [pea o_ Puc. 1. Ompegenenue pasHocTH SHeprud aKkTH-| 


_ BalldH AByX MyTel B3auMogelictsaua R c NOs. 
pacnaze RONO 8 Moment o6pasona a — lleppad cepa OnbITos, 6 — Bropaa cepual 


Hua m0 peakiuH R + NOs, Henb3a OMbITOB ee 
OObACHHTb HaIMuHe eFO B MpOAyKTax 

BbILJeOMMCaHHbIX ONbITOB. <ABTOPHYHIM» HATPHT, 10 MHeHHIO [pes, oOpasyerca 1 
ypaBueunnio (3). OdHako B yCcJIOBHAX HallIMX OMNbITOB B 30HE peaKIMH MOryT pH- 
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CYTCTBOBATb JIMUIb He3HAYHTeIbHbIe KOMMYecTBa NO npu Gombuiom u3s6nITKe NOs. 


CieqoBaTeIbHO, B pesybTaTe BTOpHYHOM peak RO c NOs mor 06pa30BbIBaTb- 
CA TOMbKO alkUAHUTpaT RONOsz. Tonaporpaduyeckuli aHamH3 He Jae? BOSMOX- 
HOCTH pa3IM4AuTb RONO u RONOz, tak Kak u ToT u Apyroii BoccraHaBMBAaIOTCA 
Tip OJHOM H TOM 2Ke NOTeHWMase nowysBonHE!. Io- 
STOMY HaMU Obi IIpOBeeH CheKTpodotomerpuyeckHii TaGanna 4 
aHaJIW3 MpOAYKTOB ONbITOB, NOATBepAMBUINH Ha- PasHocrb 9sHepruii akTuBalun 
JMUME B HUX aKMIHUTpHTa. [Ip stom KomuyecTBO = ™ OTHOLIeHMe crepuyeckux dak- 
TOpoB JIByX MyTelH B3auMojeli- 
OompexerAemoro ciekTpooToMerpuyeckH aJIKHJIHH- dae NO 
TpHTa paBHO oOMpeyeinemomy NomaAporpadhuyecku : 
CYMMapHOMY KOJIMY¥eCTBy HHTpHTa H HUTpATa, T. e. 
akTuyecku B MpodyKTax OOnapyxuBaeTcs TONbKO — AE, Kxaa|mon 
AJIKWJIHUTpUT. Tako pesybTaT JaeT BOSMOKHOCTD 


filfe 


TOBOPHTb O HeMpaBUJIbHOCTH NpefcTaBenul Tpex 0,84 0,66 
O paciawe HUTPpHYTa B MOMeHT oOpas0BaHHus ero iN Pail 0,50 


uz Ru NO,. Io-Buqumomy, Bosmoxuo pacmpere- 

‘Neuve H3ObITOUHON SHeEprHH MO CBA3aM (6e3 UX paspbiBa) HU pacceAHHe ee Ip 
MOCMeTYIOUUX We3aKTHBUPYIOWUX CTOJIKHOBeCHHAX. 

RNO» 

| Vicnomb3ya 3aBHCHMOCTb Pg we RONO 
)SHeprult akTMBalluu [ByX NyTeli Bsaumogelictaun R c NOs MOxHO ONpesenNTh 
paBHoli mpumepHo | kkaw/Momb (puc. 1H 
TaOm. 4). Us stow xe 3aBHCHMOCTM HaxO- 
MM OTHOWeHHe cTepHuecKHx (bakTOpOB 


OT TeMIlepaTypbl, Pa3HOCTb 


Ta6auua 5 
‘Buamsauve mopepxHocru wa B3anmojyelicrBue 


as fi/fo=<0,6. 
| Haiiexo, an Urak, o6pa30BaHve aJIKHJIHHTpuTa Tpe= 
mol. % 2 6 eo f 
| RONDO €T He€CKOJIbKO OOJIbUIeH SHeEPrHH aKTH 
RNOs | RONO RONO ” Pp 


Balu WM UMeeT OOJIbIIMH CTepHyecKHH (pak-= 
TOp, ¥eM OOpas0BaHue HUTpONapaduna. 

Bes noxppitua | 78 | 22 3,5 Jia MpoBepKH poOJIH NOBepxHOCTH B 
ae KsB,O, ae oe oy peakunu Rk + NOse Obi mpoBeyeHbl OMbI- 
Tbl B peakKTOpe, MOBEPXHOCTb KOTOpOrO 
Obiia mMoKppita KC] u K,B,O,. Huxakoro u3MeHeHHA B COCTaBeM KOM 4eCTBAaX 
MIPOAYKTOB He OblIO HalieHO, TO TOBOPHT O TOMOreHHOM XapakTepe peakIHH 
AaJIKMJIbHbIX PaWKaJIOB C JBYOKUCbIO a30Ta (TaGJ. 5). 

: 


Tloctynuao * 
18 VII 1958 


UHMTHPOBAHHAA JIMTEPATYPA 


17GB. Bachman, L. M. Addison et al.) J. Org. Chem-, 17, 906 (1952): 
12 P. Gray, Trans. Farad. Soc., 51, 1367 (1955). 3. B. Tlanesuu, A. B. Ton- 
‘anes, B. S. I trep nu, Kypn. anan. xum., 13, 5 (1958). 47. K. JlanppospceKkasa, 
112 E. M apqanettmsBpuanu, B. B. Boesogc kn it, Bompocn xumuuecKol KHHeTHKH 
| H peakimonnoii cnoco6xoctu, U3q. AH CCCP, 1955. * W. J. Moore, H. S. Taylor, 
iJ. Chem. Phys., 8, 466 (1940). © J. Cc. Jungers, H. S. Faytor, J. Chem. Phiys., 
6, 325 (1938) 
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3. B. MYLWIKAPEBA u H. H. JIATOW 
JAMAWWJINPOHSBOAHBIE ®EHWJIFHAPASHHA 


K BOMPOCY B3AMMOCBA3H XHMHMYECKOFO CTPOEHHAM AHAJIbPE3HPYFOMETO | 
WENCTBUA / 


(IIpedcmaeaeno axademuxom H. H. Hasapoeoim 20 XI 1956) | 
t 

Bopb6a c Oombio Ha BCeM MPOTAKeHHM UCTOPHH YeOBeYeCTBAa OPMBJeKasa | 
BHUMAaHHe JUOMeH, HU B OOJAaCTH CO3qaHud O6e360/MBaIOUIMX CpeACTB HeMaJO cie- | 
JIaHO, OcOGeHHO 3a nocueqHHe 15—20 ner (7 *). OHaKO NCHOJIb3yeMbIe B COBPe- | 
MeCHHOH MeHILHHe OOe300/IMBalolllHe CpeACTBAa, B TOM YHCJIe AHTHNMPHH UW MMpaMu- | 
JOH, OOJIaaror CYLUeCTBEHHbIMH HeAOCTaTKaMH, MPOABJIAIOUJMMHCA B MOOOUHOM | 
BPeAHOM JelcTBHH Ha OpraHH3M YeJIOBeKa. | 

B 1929 r. P. Iapoua u P. Jfena6u (°) nonpitaucb myTem noswyyenua N-oKu- 
CH TWMpaMuOHa yMeHbINMTb TOKCHUHOCTh NocweqHero. IIpu oxucweHuu nupa- 
MuyoHa (I) nepekucbio BOsoposa Obl NOJyYeH MpOAyKT, OOJlaqaoulwH aHaJb- 
reTHYeCKOH AKTHBHOCTbIO THPaMHAOHa WH 3HAUMTebHO MeHbIMeH TOKCHYHOCTHD, | 
HO OKa3aBlIHlica He omUaemoH N-oKucbio, a a-HMeTHaMHLOOKCaJIMJI-3-MeTHJI- 
B-alleTHIeCHHJITHApasHHOM, WIM Tak Ha3bIBaeMbIM JMOKCHNMpaMuyoHoM (11). 

QTO HaTOJIKHYJIO HaC Ha MBIC/Ib CHHTC3HPOBaTb PAX [HallWJIMPpOU3SBORHbIX 
cbeHHIruypasnna oOujel dopmyvipt (II1) u mpocsequTb Ha HX CBA3b MexK]Ly Xu- 
MHYeCKMM CTPOCHHEM HV aHaJIbreTHYeCKHM J@HCTBHeEM B 39TOM KJIaCCe BeLIeCTB. 

Ileppaa rpynna CHHTe3HpOBaHHbIX COeCAHHEHHH COCTOAJIa M3 «CKEJICTHBIX 
BeleCTB», B KOTOpPBIX Ry, Ro, Rg npescraBiamH COOOM MeTHJIbHEIM u (eHHJIbHbIM 
OCTaTKH BO BC€X BO3MOXKHBIX KOMOuHaMAX: (IV), (V), (VI), (VII), (VHI) u 
(1X). 

Mcceqopanne STHX MPOCTHIX BeLIECTB NOSBOJAIO MPOCIeIHTb BIMAHHe Ha 
CBOHCTBA MOJICKYJI CPaBHHTeJIbHO MPOCTbIX CTPYKTYPHbIX H3MeCHeCHHH B a- BK 
B-allWJIbHBIX OCTaTKax (eHuIrHApasuua. 

Bropasx rpynma coeqMHeHHH OTHOCHTCA K MPOH3BOJHBIM «a-6eH30MJI-8-alle- | 
THJI-B-MeTHImennruypasuna (VIII). BBoqa pasmuuHbie 3aMeCTHTeEIH B KOJIbILO| 
OeHSOHJIbHOrO pafukKaa (Rs), Mbl NOYUMIK PA BeEWIECTB, CTPyKTYPHO C HUM 
CBASAHHBIX (OOilaad cbopMyvia (X)), ¢ TEM YTOOLI NpocMeAHTb BIMAHMe pagHY- 
HbIX 3AMeCTHTeJIeH, COMPHAXKCHHBIX C o-aILHJIbHbIM OCTATKOM, Ha CBOHMCTBa MOuJIe- 
KyJbt B Wetom — (XI), (XII) u (XIII). Tak kak cpequ stux coeqnHeHul He: 
ObIIO S€H3OHbHOFO MPOHSBOLHOTO C 3JICEKTPOHOAKIENTOPHbIM 3aMeCTHTeIeEM B- 


KOJIbIe, TO ObIJl CHHTCSHPOBaH &-HS3OHHKOTHHONMJ-B-alleTHuI-B-MeTHsIeHHITH]- 
pasuH (XIV). | 

B fonomHeHHe KO Bropol rpynne BellecTB OblIH NOyUeHLI coeqMHeHUuA 
(XV) wu (XVI), B KoTOpEIxX a-allWbHbI paqukaJl TakxKe cOepxKal PeHHIbHbI 
OCTaTOK, HO He CBA3AHHbIM HeMOCpeACTBeHHO C KapOOHHJbHOL rpynmoi, a pasb-. 
e2MHeHHbIM c Helo. [Ip stom B OfHOM calyuae (XVI) pasbequnaromjaa rpynna’ 
SABJIACTCH MPOBOAHUKOM compsxKenua (—CH = CH—), as mpyrom (XV) — | 
OHa paspbiBaeT Welb comnpsxeHun (—CH,—). 

Hakonell, coequnenve (XV) saBuiserca Kak Obl UaCTHYHO THAPUpoBaHHbIM 
qMoKcunMpamMuyzonom (II) wu cofepxKuT B a-MOOxKeHHH BMeCTO OKCaMUHOTO 
ocTaTKa JHaJIKHJIaMHHOalleTHJIbHbIM. 


700 


| Mcxoj.Hbimu 7JIH CHHT€30B BCe€X MePeUHCJICHHbIX COCMHEHHH ABAJIUCh WH- 


60 cbenuaruypasun, JIH60 rHupas0bex3ou1, a W3 HHX BeLLeCcTBa TOJIYGaJIMCb 0 OL - 
HOH H3 JIBYX CXeM. 
Faas ore ceasiaik cea 
NS 
PN —— CH, cence cH: ach 
sare ne arg) Bs a8 2°) 
| VN Yes ees 
| ‘ Ce 
@ 0 | 
| 
DSY WY UI 
I II III 
x 
\4Z\7 O CH, 
Pet, 
eR ga Rah (CH, | C 
V Ri = Rz = CH,; R; = C,H, WSS a aS 
VI R: = CH,; Re = R, = C,H, GS raat XI x = N (CHs)35 y =H 
VII R; = C.H;; Re = R, = Gis ON XU x= Br; y=H 
VIII Ri = R, = C,H,; Re = CH, y YOU SSsse He Opel 
IX Ri = R2 = R; = C,H, (| 
1 
WV 
| xX 
7 oN aN 
YN ORE GH: | OMECHS | | 
N ) NV WS SZ EN 
aS, r CGH iG CH OF (CH (Gai; ee CH, 
Ci | | Se NY S 
aS N Gi N= ICH, Nou & Ni-GH:=¢ 
: oe NA | | va | | 
N ON C N—CH, CeH, @ N — CH, 
| | PPLE ONT, 
TAN Y~ GN N 
L | | | J Zn 
ae g U 
XIV XV SY WY 
XVI XVII 
| ORR: 
Va 
| H C 
| 
4))eEt \—H H N—H 
| WW We 
N N 
| | 
( aaa a alluslupoBanne 
| | | = 
SF SH 
O Re O Re 
WZ N\A 
Le ee 
GC N—H c N—CH, 
NA YES Shs 
oO N O N 
| | 
G | Me€THJIHPOBaHHe ( } 
——ne | = 
WA WS 
B CIYUae TIPOH3BOJJHBIX ruypas06en301a NOcJIeqHAA CTayquaA UCKJOUaJIAch.) 
©” “CH; OY @sG {O CH, 
\7 SF NVA 
ha ys 
C N—CH, = Ni==1GHs c N— CH, 
IN A WW iN 
Of BN N O , 
| 
WN yacTHuHOoe De allHJIH pOBaHHe aN 
| OMBIJICHHE | | a | | 
SZ \7F WA 
(mosry4eno 110 XVIII 
exeme 1) 
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OV‘ST N °% OHolronng 
ee'G) N 3% oOneiyey 
WN G/.J9}—O9) “HH “L 


(IIAX) HueedYHarnHepruien-¢ 


T9°CT N 2% Oolong 


PVC) N *% OnelHeH 
(EL) ‘Wu ‘a Lediusdorx) 


oGQ] “Ul ‘a ‘e1dHud €H WOMHOLLO 


(A[X) Hucediusrunedruten 


‘qL0ONHK BRLOAT BeHLeaTIONg | Q'zP | -IHiele-g-1rHLeleoHMWeLrHleny/-% |/WiddeHhHdow 9 MurireLoudy emed | 0'ty - J -lrH.Lome- J-IPHOHHLOMMHOE] I-20 
FOTE N :% OnolouAng 99°6 N :% OHelouANg 
68 TT N :% oneryey 966 N :% oneluey 
529 “Wl ot HusedirHurHnHed oOS) “Wit ‘L ‘eirocHe9 (IJ1X) HusedYHirHHoprHuien 
‘eLduud ¢H Mrrelondy o9greg -L’WLOW-g-1rvtene-g-vuLenedor y-» || eH iirreLoudy onuren amieg | 0‘€L -g-1rHLone-g -IrHosHeg-(HONQ-0)-” 
L6°ST N ?% Onelronniig 1e'9 N :% onalromnng 
SL'S) N :% OneryeH HucedYHivnnad Zh N 2% OnoluEY 
(08 ‘ll ‘L HOLE €H MIrdW amireg | Q‘gg -lHLONe- J -LHLONBOHHWRIHLEH]/-20 o9C) “WH *L (I1X) HueediHirnHopirHLen 
6 ‘eiduud %Q/, eH iairdH omireg | (‘SL - §-IrMlene-g-1rvosHeg-(Wodq-u)-2 
ZS‘6 N :% OHelrovhig 
PL'6 N :% OnerHeH 19° N :% OnerounAg 
aeéib (IAX) HHeediHuruned 0c‘8 N :% oneluey Hee d HIV 
‘Wu “L ‘eLdHud eH MINIM asreg | ¢‘76 -HLON-G-1rHLonme-g-rMoWeHHHy]-» ||, 99) “Wl ‘2 ‘eLduuo sv aruH asireg | 0‘08 -oPvrHLene-1rHosHe9g-g wodq-u-2 
FOO) N :% OHelronnlag OS‘eT N :% onerronnag 
GSO N 7% OneLyeH Web N $% oneryeH (Ix) 
ofyy) Mi “aL Huced oVG) ‘Wu “a ‘eLduud %0G HHcedYHIHHOPLHLeW- g-Lru Lone 
‘eLdHud eH IIH eHMIreN oIdIregq | Q‘ey -YMIVMHOpruLene-g-lHOWeHAHy]-0 || €H iirvetoudy oumren aimrreg | (‘9S - J -IrHosHag-(OHHNRILHLE HY -1/)- 
€9°6 N :% OHeonbIg gh'9 N :% onelroung 
O76 N :% OneTHeH ce'8 N 2% onelyey 
oCS (Ul -L (AX) HueedYnirnHopraL o67) i ‘L (IIIA) LoeHe9 
eLdHUD eH MarreLovdu emvreg |] Q‘Es -OW--LHLoue-g-LHLeneLnHad-0 ‘erduud €H iairreloudy amireg | (‘68 -osedWHi IrhLoe-, N-1rMosHeag-N 


OS fe oe ee) RE oe ee ee ee et eee See 6 ee ee ee See 


uudoal Lo 
% ‘ioxiag 


HudosL LO 


BdLIgMed sITHHdhAIr 
% ‘woxag = 


eunLoudoLtuedex BeuLedy BaLOOMed sIdHHOhALO]] euuLoudoiuedex seuLedy 


Foe ee ee es ee ee ee ee ee ee 


} enurgey = 


Hccaenosatenu (°,°), padorapmive c HavGomee 3yueHHEIM IIpeCTABHTeJIeM 
WMaluIrHpasHHOB — JMOKCHMMpaMHJOHOM, OOpalilaioT BHUMaHHe Ha ero WIO- 
<ylO KPHCTaJJIM3yeMOCTb, HeECMOTpH Ha JOcTaTOUHO BbICOKYIO TemNepaTypy 
iiaBienua (105°). Tpyquoctb, co6cTBeHHO, cocTOUT B NOJYYeHHH MepBOKpH- 
pTaJJIOB, a yKe JabHehWan NepeKPUCTaJIM3allua C BHECeHHeM 3aTpaBKH MpOo- 
XOWMT OCTaTOUHO Tako. OTO B TO UH HHOH CTeMeHH OTHOCHTCA KO BCeM 
MOJIYYCHHBIM HaMH JMaWJIbHBIM MPOH3BOHBIM (eHHJITNApasuua, KaK Heall- 
|kHaMpoBannem, TaK H aJIKWJIMpOBaHHbIM, TOra KaK MOHOAILWJIbHbIe NPOLYKTHI 
}(XVITI) wu ap.) nerko xKpuctannusyiotTca wu OUNarioTCA. Buaarojapa sTomy 
j3 CHHTeSaXx NpeANOUTHTeHO UCNOMb3O0Baacb BTOpad cxema. Kpome Toro, B-me- 
jrHI-3-aleruidenusrugpasun (XVIII) BxogzuT B ckeleT MOmeKyN OobINMHCTBa 
‘ CHHT€3HPOBaHHbIX BeLIeCCTB. 

| B mpotecce cuHTe30B Obl H3y¥eHbI ONTHMAIbHbIe COB YaCTHYHOTO Je 
AUMIupOBannsA (7), NO3sBOuAIOMMe NOJy4UTS (XVIII) c BEIxoZom 85—86%. 

) Kparkne JaHHble 0 cBolicTBax TeX H3 CHHTC3HPOBaHHBIX COCIMHEHUIi, KO- 
jcOpbie paee He ObWIM ONNCaHbI, MpHBeAeHBI B Tabu. 1. Uacrb BemecTB novryya- 
Jlacb 10 OnHCaHHbIM B JHTepatype mMeTogam —(IV)®, (VJ), (VI), (VITO, 
RIX)GQD wv (XVITI)™. 

| PesybtaTbi CpaBHUTebHOTO H3yYeHHA CP3HKO-XHMMUCCKHX CBOLCTB (yJb- 
Tpa@vOeTOBble CNEKTPbI, AHMOJbHbIe MOMEHTHI) CHHTCSHPOBAHHbIX COeLMHEHHE 
inyOMKYyIOTCA OTJebHO. OJHOBPeMeHHO BeulecTBa Opiin NepewaHbl Ha Kadespy 
papmakouiornu CpepfioBcKoro rocyfapcTBeHHOrO MefHIMHCKOrO MHCTHTYTAa 
WIA W3y4YeHHA UX aHaJbresupyiomero elicrBua. IlpemBapuTembHble pe3sydJb- 
fraTbl cbapMakoyioruyeckux ucnbitasui (2) noKa3aiu, 4TO HaHOoubUuMi uETe- 
pec MpejcTaBJIajoT BellecTBa Tuna (X). 


Ypanbcku NMOMTeXHMYeCKHH HHCTUTYT Tocry mano 
um. C. M. Kupopa "4 fyl2 X 1958 


UMTHPOBAHHAS JIATEPATYPAY 


OQ, Bisleb, Ber, 74,1433 (1941). 8H. Kaegi, K. Miescher, Helv. 
Baim. Acta, 32,821 (1949). *M. Bockmt hl, G Ehrhart, P. Schaumamn, 
BLieb.Ann., 561, 52(1949). * D.W. Adamson, J.Chem. Soc., 1950,885. °° R. Cha- 


(775 (930), © H. A. Baasmxo, VW. Telenemxo, ~)KOX, _20,, 1667 (1950). 
mV. Stiihmer, E. A. Elbrachter, Arch. Pharm., 285, 164(1952). ® L. Var- 
iZha, Chem. Abstr., 42,1234 (1948). ® H. Voswinckel, Ber., 35, 1945 (1902). 
MH. Schmidt, G. Schultz, Lieb. Ann., 207, 327 (1881). P. Freund- 

Pee Re toG. 1554) ((902)\s0. @tte= Neth tye a, Mo il io pieramie Bra; 
mM. WU. Mutrpogmauos, H. H. Jlatrom, Tes. foKn. cope. No npoOmeme cBa3H MeXxKy 
icTpykTypoi u jelicrBvem meKapcTBeHHEIX: BemecTB, Tapty, 1956, crp. 35. 
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C. P. CEPrMEHKO, E. B. JIEBEJJEB u A. A. METPOB 


V3BUMPATEJIBHAA KATAJIMTHYECKAS JETMAPOrEHVSAUMA 
MPEAEJIbBHbIX BbICOKOMOJIEK YJISPHbIX YPJIEBOMOPOAOB 
B KKMAKOH PASE 


(ITpedcmaeaeno axademuxom A. A. Bananduneim 18 VIT 1958) 


Orkppiraa H. J. Senmncknm peakiva Jeruyporenusall\uoHHOrO KaTasH3é 
(1) Hama WIMpoKoe MpHMeHeHHe MpH McceqOBaHHH XHMMYeCKOH MpHpospl Hi 
KlONapaHHOBbIX yreBOAOPOAOB, CoOMepxalluXcA B JePKUX HeETAHBIX paki 
uuax. OjHako JO HacTosllero BPpeMeHH B JMTepaType Her JaHHbIX OO MCMOJIbs 
30BaHHH STO peakWHUM C WeMbIO BbIACHCHHA CTPOCHHA MPeMCJIbHbIX BbICOKO) 
MOJI€KYJIAPHbIX YIIeEBOROPOLOB HeprH. 


Le aie BEN 


Godopod = \ 
“9 OYMCINUMEND- 
ACU CUCITEMb/ \ 


ea ‘a3 6 2aso- 


MEIMpP | 


GOO Us 
MepMaocimama 


Puc. 1. YcraHosKa Ja Jerusporenusaluu B xXuAKOH case. 1— me- 
TamMueckan Oana Jia HarpeBaHua, 2— peaKUMoHHblii cocyyz, 8 — 
cbIpbeBas O1opeTKa, 4 — KapMaH IA TepMomaphl, 5— xouOAUIbHHK, 

6 — G1operku AA 3amepa rasa 


IIpopoqa cucTemaTHyeckNe HCCIeAOBaHHA XMMHUYECKOM MpHpOsbI BbICOKO- 
MOJIEKYJIAPHBIX YIICBOLOPOAOB He*TH, Mbl PeLIHJIM MPOBepUTb MpHMeHUMOCTE 
peakWMH u3OMpaTeIbHOTO KaTaJIMTHYeCKOTO JerHpHpOBaHUuA WIA BbIACHeHH 
CTpOeHHA 9STHX yrseBoqopoyzos. C stow MeO ObWIH HCNOb30BaHbI CHH 
TeETHUECKHE YTeBONOpoAbl Cyo—Cz2, comepxamlHe B MoueKye 1—3 | 
KJIOTeKCaHOBbIX, 2 Ji@KaJIMHOBbIX, 1 WMKJONeHTaHOBOe KObUO Uu | napadu- 
HOBbIM yrIeBOLOpOX HOpMabHOrO cTpoeHus. IIpeqBapuTenbHO ObWIM HalieHbl 
ONTHMAJIbHbIe YCJIOBHA KaTaJIMTHYeECKOM AeruApOrenu3sallHu BbICOKOMOUIeKyJAp- 
HbIX LMKMOMAapaPHHOBbIX YIVIeBOAOPOAOB B XUAKOK case u anmapatypHo ocop- 
MJIeHa MeTOAMKa MpoBeseHHsa Jerufporenu3aun (puc. 1). 
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Tlerupzporenusanua HHAKBHAYanbHBIX yrleBogopozoB vu ux cmeceh (315°, 1 


Mcxogupie cHHTeTHYeCKHe NPC AeJIbHbIe YrIeEBOROpPOAbI 


TlomyyenHble Rerugpor: 


SMNHPHYE- | T, ., 20 20 yrJieBo, 
Ee HasBanne cTpyKTypa cKkaa dop-| , np dj, 
a Myuia Cc a 
3 BHXOR, Bec. % “oc 
7. 
4 |4,5-quuuKsorexcun-3-ren- ary Gulehe | = RAS OL eXeoun 95,3 = 
THJINeHTAH () ) 
WA WA 
2 |4-Terpako3an ECE CoaHso | 50,6 |1,4288"° Jo, 768270° 1.8 = 
3 |A-OxTayelv HK oneHTaH aa Cn CosHag | 28,0 1,4543°°° |0,821130° 6,1 4 
4 |Cmecb x3 BemectBa Ne 1 (20%) = ea — |1,4360"° 10, 781670° 17,2* ~ 
H BetlectBa Ne 2 (80%) | 
5 |Cmecb u3 Bemectsa Ne 1 (70%) =_ = — \1,4470" 10,8145" Go,255 - 
H BeulecTBa Ne 2 (30%) 
6 |7-uuKmoreKcuoKTaleKaH Saat CosHag | — |1,4630 |0,8347 94,0 = 
() 
SH a) 96,0 5 
7 |4,1-qMuMKsoreKcHsoqeK aH oN 
Sac: } 
any CoaHset |) == |1,48039 20,8758 
\—7 I gp. 33,8 
©) | In@p. 35,2 
8 |1,5-quunKJoreKcu-3-rek- ZS 
Caruipo6eH3HJIneHTaH tN a 
SN ie aie ee CyHia)| -—= (1, Se20ee 0, 9037 93,1 5, 
See Fee 
Cc Cc G 
9 |1,2-qu-(1,3,5-TpumeTHUHK- rig tie 
JIOreKCHJ1) TAH LG) Coles. | — (1.0088 = 94,5 118 
é d 
40 |2,41-aupexarngponapru- C=C2C Sec 
joqeKaH N | 
or | ae CoHer | = | |1,ehse. 10,9484 23,8 
NAN Ne Ee 


* Bprxoy Ha cojepxKapuiniica B cmecu 1,5-7HUHKJoreKcuu-3-renTHmeHnTaH 86%. 
** Bprxol Ha cofepkapuniica B cmecu 1,5-quuHKJOreKcH-3-renTHNenTaH 93,2%. 
##* CyelmanHan mpoda c 1,5-7ndennJ-3-6eHsHNeHTaHOM JlellpecCHH TeMMepaTypbl MaBJleHHA He Java. 
**#* Cyemannaa mpo6a c 1,2-2n-(1,3,5-TpHmeTHmdenvs)STaHOM leNpeccHH TeMMepaTypb! NWaBseHHA He Jala, 


JIAH,r. 123, Ne 4, Cepruenko, Jle6enzes u Ietpos, 


Ta6muna 41 


atTamu3zatop Pt Ha yruie (18%)) 


Apomarnueckue yraesonoponpi Pet eG 
EES 
HHsalHeH Mpe eb HbIX CuuTeTudeckue cS 
(OpoxoB iar 
ees 
i=¢ 
Ie on a Ha3BaHHe cTpykTypa oa n'y az ag 5 
Bac 
" 
- |41,5250  |0,9249} 1,5-nucdbenua-3-rentuiteH- oe aay = 4} 152860. | 0) 9235.15520 
TaH () a 
V M7 
- {4,47607° = = = < oe 20 
_ |4,50439° Sa ms = = eae 
1,5233 |0,9235 ‘ = ss Bie. 
- ) ’ ws = oe = | = 20 
_ |1,5241 — |0, 9230 epee 4 
oN Eis. 1, 4800 —- 4 
- 41,4803 7-cbeHHJIOKTAaeK aH | | 
Wr 
- 1,5242 |0,9299) 1,1-nudenuspozeKkan ay 
NG a ee 1,5241 | 0,9298 | 10 
\SS=ah 
aN 
1-cbenn-1-WHK oreKcH10- NS Gs 
- 1,4980 |0,8960| aeKxax Vemma aig) 
= = a= 0,5 
oh _ _ | 1,5-ancbenu1-3-6en3nmeH- 
TaH YS 
SS Nc FS 56,0 - — 6 
GI ME a 
SSSs/ 
1,2-qu-(1,3,5-Tpumeruude- 
ci <x ne HAJI) 3TAaH Cc G © Cc 
SAW SAS 
(Sica Bee. 
Va Bales 7 
d d 
- 1,5455 | — Ce=C. C= 
- 1,5963 |1,0197| 2,14-nqunabrungoneKkan Vk 2 “N\ 
ll | } | = | 455960 |1,0192:1 8 
WF SS 


IKCHEPHMECHTAMbHAA UacTH 


Karausatop — Pt ua yrae, — npuroropwennpii no B. A. KasaHcKkomy 
B komMyectBe 15—18% Ha nogzBepraemoe ACTHAPOTeCHH3aluH BeULeCTBO M0- 
Waica B KOMOy 2 (puc. 1), rae OH ZOBOccTaHaBUBaICA B TOKe BoJOpoya 


1 MeJWICHHOM HarpeBaHnH Jo 320° (2—3 uaca). 3aTem Katan 


W3aTOp BbiJep- 


BaeTCA eme B TeyenHe | yacampH 315°. Ilocae atoro yrleBoqopox nokaetca 


X%KHAKOH dase u3 O1opeTKu (3) 
J€aKILMOHHYy!0 KOJIOY, B KOTO- 
1 MOAAepxKUBaeTCA MOCTOAHCTBO 
mepatypb peakwnu (315°). To- 
[a BOJOpoya B CucTeMy IIpeKpa- 
eTCH, H BCA CHCTeMa H30JH- 
2TcH. BpleaIOululica B_ pe- 
IbTaTe peak Aeruy{porenu3a- 
4 (a3 OXJlaxKaeTcA, Mpoxolsa 
13 XOJIOMHJIbHUK, JO Temmepa- 
yb 20° H 3aMepseTCA JBYMA pa- 
‘alOLWMHMH MOMnepeMeHHO Or0perT- 
MM, TePMOCTaTHPyeMbIMH IIpH 
tmepatype 20°. Ilo mepe 3a- 
TH€HHA O1ropeToK Tra3 epeBo- 
rca B ra3oMmerTp. 

C Weblo BbINCHeHHA Xapak- 
Ja MOBeAeCHHA yIrvieBOAOpOROB 
Ja3JIMUHOH CTPyKTYPOH B ycuJIO- 
1X U30HpaTeJIbHOH KaTaJIHTH- 
‘KOH JeruqporeHu3aluu Opin 
iTe3HPOBaHb! CeLyIOulWe HHAM- 
lyaJIbHble COCAHHEHHA: H-TeTpa- 
3aH, H-OKTAaellWJIMLUKJIONeHTAH, 
(HKIOrekcHOKTaqeKaH, | ,5-u- 
KJIOreKCHJI-3-renTHsineHtaH, |, 1- 
ukslorekcusigoqekaH,  1,0-H- 
KJIOTeKCHI - 3 - rekcaruspooeu- 
meuTaH 1 ,2-yqu-(1,3,5-TpuMerTui- 
‘Kulorekcu)ataH, 2,11-quqeKa- 
[poHadrusiqoqeKaH. 
CoeHHeHHA, COepxKalue 30- 
POBaHHble WHKJIOreKCHJIbHbIe HU 
KaJIMHOBbIe ‘7 CTPYKTYPpbI,° Obl 
WyueHbl THAPHpOBaHHeM- co- 
BeETCTBYIOULHX HM (eHuJI- H Hadp- 
JIMPOH3BOAHbIX YFJIeEBOAOPOAOB, 
JIYYeHHBIX PeakILHAMH ’ MarHHl- 
raHuyeckoro cuHTesa m0 [pHHb- 
y. O cuuTese 9THX HHAHBULY- 
bHbIX YyTrvleBosopoyqoB OyerT 
26u,eHO oOco6o. 

Baio oTmeyeHo, uTO Jeruy- 
reHH3aluA HAAMBUAYaJIbHbIXx 
N€BOOPOAOB FOMOJIOFOB WHKJIO- 
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Puc. 2. U3menenue cKopoctTu BEIMeeHUA BOLOposa 

(a) u o6ulero KomMuecTBa ero BO BpemeHu (6) mpH 

AervporenH3alun. MHIMBULyasIbHEIX yIrsIeBoxopo- 

jos. 1 — 1,5-qumuksmorekcua-3-rekcaruspobex3sus- 

meuTaH, 2—1,2-nu-(1,3,5-rpumeruauuKsorekcus) 

9TaH, 3—7-WuksorekcusoKtTayeKkaH, 4 — 2,11-nu7e- 
Karu pouadprusqoxeKkay 


<caHa H eKaJluHa ueT yxKe mp Temnepatype 280°, oHaKO ONTHMaJIbHOM TeM- 
paTypol eruporeHusallHu B KUAKON (ase B IPHCYTCTBHM MJIaTHHOBOYO KaTa- 
3aTopa ABJIAeTCH Temnepatypa 315—320°. IIpu sto Temnepatype Aeruzpore- 
3allUA BCCX H3YYCHHbIX YrIeBOAOPOAOB, COMePXKalHX Kak H30JIMPOBAaHHble, Tak 
KOHJ@HCHPOBaHHble FeKCaMeTHJICHOBbIe CTPYKTYPbI, 3aBepllaeTCA B OCHOBHOM 
revenue 5—6 uac., IPM WpakTHYeCKH NOJIHOM OTCYTCTBHM ABJICHHH KPCKHHTa. 
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Ha puc. 2 noka3aHO H3MeHeHHe CKOPOCTH BbIAeeHHA BOMOpOta HU oourer 
KOJIHUeCTBa eFO BO BPCMEHH JWI HHAHBUAYaJIbHbIX YIJIEBOAOPOLOB pa3JIM4YHOM 
crpoenua. Temnepatypa peakitMH BO BCex cJly4¥aHx Obwla BIBT 

Kuakue MpokyKTh peakWMH LerHAporenusalluu mMoBepralucb XpomaTorpa 
(pHYeCKOMY pa3evIeHHIO Ha CHIMKaree. 

B ra61. 1 npupeyenbl pesyIbTaTbI KaTaJIMTMYeCKOH ReruporenusallMu UH 
JIHBULYaJIbHbIX YIJIeBOOPOAOB HM UX cMecel. 

UccneqoBpaHua moKa3aJid, YTO CKOPOCTH BbIAeeHHA BOROpOa Np Meruyy 
poreHu3allHu yrseBooposoB caMOro pasHOOOpa3sHOrO CTPOeCHHA BbIPaBHUBaq 
joTch uepes 5—6 uac. H CTAHOBATCH BeCbMa He€3HAUHTeJIbHbIMH, T. €. PeakI\HA 
MpaKTHuecKH 3aBepuiaeTcA. YBeMYeHHE YMCA H3OMPOBaHHbIX TeKCaMeTHUJC- 
HOBBIX KOJIeIL B MOJIeKyse yrleBOOpOa H HaJIMYHe METHJIbHBIX Tpynl B HX 
MaJIO CKa3bIBaeTCH Ha Mpolecce AerHAporenusalluu. 

CoequHenHe, cosepxKaijee Be KOHJCHCHPOBaHHbIe TeKCaMeTHJICHOBbIE 
CTPYKTYypbl, erHapupyerca Tpyquee. | 

ne 


o 


Tipu geruazporenu3annn 1,1-quuKsorekcufoqekaHa, MOMHMO TOJIHOM 
PHIAPOreH3allHH, Obl MpOBeeH OMIT, B KOTOPOM peakIlLHA WervAporeHHsall[y 
Obluia MpepBaHa B MOMeHT, KOFla KOJIHYeCTBO BBIJeHBUIeTOCA BOZOpPOa Coy 
craBasio ~1/, oT TeopeTHuecKoro. XpomatTorpaduyeckoe paszeenue MmpoyK4 
TOB peaKUHH H3 3TOFO OMIbITa NOKa3aJ0, YTO B HUX COJepxKaTCA NpHOMMSUTEMb+ 
HO B PaBHbIX KOJMYecTBaX: a) ucxogHbI 1,1-7MWMKNOrekcHIJOfeKaH, 6) mpo4 
AYKT NOMHOH WeruAporenusallHH OOOHX WHKJIOPCKCHJIbHbIX KOJI LO O€H3OJIb~ 
HpIxX (1, 1-ucdbeHHIozekaH) H B) MpOLYKT NMOMOBHHHOTO eruypupoBaHHA 
l-penus- 1-HKOrekcHIJOMeKaH. OTOT pesyJIbTaT ABJIACTCA IKCMEPHMEHTAaJIb 
HbIM MOTBeEPXKAeHHeM TOTO, YTO ZerHApOrenHu3saluA WHKJIOTEKCHJIBHBIX KOJIC 
HeT OJHOBPeMeHHO B OOOHX HalipaBJIeHHAX C OOpa3s0BaHHeM: 


CSN faa. 

———# ———— 

C—C C— C 
a Mh ay TERT 43 
Non 74 Va 


Ilapapuuoppii yriesoqopoq HOpMaJIbHOrTO cTpOeHHA pH BbIOpaHHbi) 
YCJIOBHAX PeaKILHH aeT BbIXO apOMaTHYeCKHX yruieBoqopozoB 1,8%, 4TO CBE 
Je€TeIbCTBYeT O HE3HAYHTEIbHOH POH JerHAPOUHKMIH3alHH NapacdHHOBbix 
mene. | 

IIpm ucceqoBaHHv H-OKTAeCMMKJIONCHTaHa B YCJIOBHAX %KULKO:pasHoH qe. 
PHIPOreHH3allHH HaOJOJalOcb OOpa30BaHHe apOMaTHYeCKHX yrseBOROPOO# 
B KouHUecTBe 6,1%. PeakHH ynJIOTHeEHHA BO BCex culy¥adX MpakTHUecKH 
OTCYTCTBYIOT. 

H3yyuenne noBeeHHA Pa3sJIMUHbIX CTPYKTYPHbIX PpyMN MpeMeJIbHBIX BLICOKOMC- 
JI@KYJAPHBIX YFIEBONOPONOB B YCJIOBUAX KUKOPasHOH NervApOreHu3allHH B pH 
cytcTBuH Pt, oTm0xKeHHOH Ha yre MH NaccHBupoBaHHol Fe, noka3a0, yTO Me 
TON H38OupaTeIbHOK KaTaJIMTMYeCKOH JerHvApoOreHu3sallH B XKHAKOL case Moxe% 
ObITb C yCNeXOM TIPHMeHeH K HCCMeAOBaHHIO (paki MpeebHbIX BbICOKOMO: 
JIEKYJAPHBIX YFIeEBOLOPOAOB HeTu, BMOJIEKYJaX KOTOPbIX COZepxKaTcA WHKJIC- 


mapauHOBble KOVIbIa, C WeIbIO Oomee NeTaIbHOH XapaKTePpHCTHKH HX XHMU- 
yecKOH MpHpogpt. 


VUnctutyt nedpru Iloctynusto 
Akajlemuu Hayk CCCP 17 VI 1958 


UMTHPOBAHHAS JIMTEPATYPA 


1H. A. Senuucxu-t, SKPOXO 43, 1220 GONE 21s IN, Ike eva re 


r. C. Jlanyc6epr, Onpegxenenne nufusufyanbuoro cocrapa 6eH3HHOB MIpAMOH TOHKI 
(mpoekT uHcTpyKuHn), 1950.: 


Aokstagn Akanemun HayK CCCP 
1958. Tom 123, N 4 


XHMHfA 


49Hb 4AH-BAH, P. 1. EBCTHTHEEBA u H. A. NMPEOBPA)KEHCK HH 


CHHTE3, AJIKAJIONA LLMHXOHAMHHA 
(ITpedcmaeaeno akademuxom A. H. Onapunvim 31 VII 1958) 


Ankalouy, KOpbl XHHHOTO JepeBa IHHXOHAMHH sABAeTCH CBAS3YIOULHM 3Be- 
oM MO*K TY XHHHBIMM aJiKaJIOHaMu pAa XHHOJIMHA HW aJiKaONaMH psa uH- 
la. ITO ObWIO MOKa3aHO MpAMBIM CHHTeETHYeCKHM MpeBpallennem urnypoxu- 
iHa B O-MeTOKCHAHTHAPOUNHXOHaMHH (!) HM AMPHPOMMHXOHMHAa B JHA po- 
JHXOHAMHH (7°). 

B HacTOseM COOOMLCHHH ONCbIBAeTCA CHHTES ONTHYCCKH JeATeIbHOTO WHH- 
)HaMHHa. 


Cures Obl ocynjecTBeH moO Cxeme, paspaGoTaHHOl HaMH paHee QA no- 
J4eHHA MHpHAMHOBOrO aHasiora IWHHXOHaMHHa (?). 


N IS 
H HC CH, Ci, 
HC Us CH+—CH=Ch, 
Ss 
(Vv) cH (V1) CH 


oi CH, 
(0) 
N eae es ‘co—ch A 
aes CH, CO ue | en 
H;C,00C—HC ike CH, ay o~ O=C—HC CH, 2 
H,C_ CH, CH-CH=CH, HC Cte CH— CH=CH, 
: | \cH~ 

(1) CH (iit) 

HOOC—CH—CH,CH,0H Gascon 
: = N 

Onc N Dette vin 

en a wa HE} VCH, Gh os 
: od — 
! ae CH, | ees RUE Che CH—CH=Ch, 
"Na Nc 
oH (Iv) 
CH,CH,OH 
Ge CH,CH,CH,OH | 
| 
C wn N 


SrunoBplit apup 3-BUHMIXHHYK/MAHHKApOOHOBOH KUCOTEI-6 (tr. Kun. 80— 
°10.5 mm; 3 1,4850; d;° 1,028; MRp naiizeno 58,35, BprancieHo 58,34, 
2.5 69,58° npu C 1,006, 95% C,H;OH) (I) konyencupytor c y-6yTupomaK- 
a (r. kun. 70,5—72°/5 um; 7) 1,4336) (II) B cyxom oe lIpHcyTCTBUY 

40—85°. Ilocme coorpercTBy!olleH OOpaOoTKH NOJyuatoT 
re aon) hoy rupotaiton (II]) B Bue OeclBeTHoro ee 
TO MacslooOpa3HOro BeMLeCTBa, XOPOLIO pacTBOpHMoro B acupe, cmupTe, 6ex- 
me u Boge. T. kun. 152—153°/0,5 mm. Bprxoy SDil Vex 


Haiineno %:C 67,21; 67,32; - pe 7,98; x an 
Cy4H,,O3N. Buryucneno % :C 67,49; ; : Zs 54 


Pettuekat, T. na. 152,5—154° (c, pasvioxkeHuem). 


Haiigeno %3C 38,21; 38,35; H 4,43; 4,74; N 17,20; 17,14 
CraH1gOgN-CgH NeSaCr. Botuncaeno % :C 38,03; leh 4, Ole N“47,20 


IIpu warpepanun coequnenna (III) c 2 N cepHo Kucnorol mpu 120° npoue 

XOWHT PaCKPbITHe JaKTOHHOFO WHKJIa HM eKapOoKcHJIMpOBaHHe C OOPa3s0BaHHe 
(@-OKCHIPOnMM-a-(3-BUHMAIXHHy KIM qu-6)-Ketoua (IV). Butxox 70,3%. 
‘. Tlomyuenuyto cBerso-xKeTyIO KUAKOcTh HarpeBator c 10% cmupToBbIM pac 
TBOpOM (peHuIruqpasuHa B TeyeHHe 8 uac. OSpaz0BaBUMlica eHHJITHApasok 
()-OKCHMpOnmuuI-a-(3-BHHMIXHHY KIMQu-6)-KeToHa (V) nmpescraBaer coool ry 
eroe xKeITOe Macsio. Baixo 76,5%. 

Pefinexat, mocie mepeKpucTamM3aluu 43 BOHOrO cnupTa, T. mI. 136,5 
138° (c pa3oxKeHvem) 


Haligeno %:C 43,36; H 5,28 
CipHezONgeCaHzNoSuCr. Baruncaeno % :C 43,659; H5,42 


_K ocnopanuio cbenurugpa3ova (V) B 6e3B0QHOM STHJIOBOM cnupTe Wo6aB 
JIAIOT JIBYXKPaTHOe KOJIMYECTBO KOHIEHTPHPOBaHHOM CepHOM KHCJIOTHI, H CMECI 
HarpeBalor B TeyeHMe yaca mpu 60° (*). Sarem ee HelirpasH3ylIOT CIMPTOBbIM pac 
TBOPOM A@MMHaKa, OTICIAIOT CEPHOKHCJIbIM AMMOHMM, OTTOHAIOT CIMPT, BbIqeNAI 
{OT MOTALWIOM OCHOBaHHe UH u3sBIeKaloTero apupom. [loce yqaleHHA pacTBOpHi 
TeIA CBeTIO-»KeTOe Maco OOpaGOaTHIBaloT CIMPTOM H MOJlydaoT WMHXOHaMHI 
B BHe OeCUBeTHBIX KPUCTAJIOB, JIerKO paCTBOPHMBIX B rops4eM aJKOroue, 9p 
pe, xjlopodopme uM OeH30uIe, MeHbIIe B XOJIOMHOM aJIKOrOJIe HM MIOXO B MeTp 
JIeHHOM 90:upe MH Bose. 


T. nam. 196°, [a]2£+4+ 120° (C 0,208, 96%C,H;OH). 
(CsH;OH) 280 my. (log ¢ 3,98) 
(CsHsOH) 247 mu (log € 3,71) 


a MaKc 
Avie 


IIpupeqeHHble KOHCTaHTbI CHHTC3HPOBAHHOFO HaMH OMTHYeCKH JeATeIbHOr 
I.HHXOHAMMHAa TOJIHOCTbIO COBMaaloT C ONMCaHHbIMH B JIMTepaType Jia mp 
powuoro asKaouya (°). 

PaspaOoTaHHad HaMHM peaKWHA, MpHBeqwiad K CHHTe3y IMHXOHAaMHHa, O 
KPbIBaeT NYTb K MOJYYeHHIO APyrHX aKasOM“A0B sTOrO paya. 


MockosckHi HHCTHTyT TOHKOM Tloctynuao 
XHMMYeCKOM TeXHOJOrHH 30 VII 1958 
uM. M. B. Jlomonocosa 


UWHMTHPOBAHHAA JIMTEPATYPA 


1M. Ishikawa, Pharm, Bull., 5, 497 (1957), * E. Ochiai, M. Ishi ky 
, Pharm. Bull., 5, 499 (1957). % Us5H_b Uan-6au, P. Tl. Espcturueesg 
-A.[ipeoOpamxeuckul, )KOX, 283.41 (1958). 4 H.H. Cy sopos, H. fl. G 
ok una, 1O., Hille uk ep, )KOX, 28, 1090, (1958). © Re Goutarel, Ma 
anot,V. Prelog, W.I. Taylor, Helv. Chim. Acta, 33, 150 (1950);M. Arnau} 
. R., 98, 593 (1881); 97, 174 (1883); O. Hesse, Lieb. Ann., 225, 211 (1884). 


Aoxnage Akagemun nayx CCCP 
1958. Tom 123, Ni 4 


XHMH A 


' tO. H. WNEAHKEP, Mean AMBPYILI nu H. K. KOUETKOB 


O KUCJIOTHBIX CBOHMCTBAX 3-ALLMJINUMPA3OJIOB 


(ITpedcmaeaeno axademuxom A. H. Hecmennoevim 1 VII 1958) 


3-allnJINMpasosb, nO JanHbim A. H. Hecmesuopau H. K. Kouerkosa, pa3- 
aOoTaBIUX yOOHbIM MeTOA CHHTe3a STHX COeLHHEHUIi, OOualaloT, B OTMHUHE OT 
(dpasovla HW €rO TOMOJIOFOB, CBOHCTBaMH claObIxX KucIOT (1). Jlia O6bACHeHHA 
TOTO ABJICHHA ObIIO BbICKa3aHO NpeMNONOReHHe, UTO CoMeOOpasoBaHHe conmpo- 
O%KaeTCH TayTOMEPHBIM CABHTOM JBOHHBIX CBA3e€H C HapylieHHeM apomarTnue- 
KOH CHCTeMbI NHpasosla H OOpas0BaHvem O-merTaJJIMYeCKHX MPOH3BOHIX 110 
eme 


B noubsy STOO MpeANONOKeHUA CBUAETEMbCTBOBAIO H3BECTHOE MOJOXRKEHHE 

OONbWIeEH ICKTPOOTPHLaTeMbHOCTH aTOMa KHCJIOPOJa CPpaBHHTe/IbHO C aTO- 
OM a307€, B CHJIY YEO OTPHMATebHbIM 3apA AOJKeH ObITh CocpesoTOUeH mpe- 
MYIL€CTBEHHO Ha aTOMe KucIOpoyza. B muTepatype onucaH psy culyyaeB, Kor- 
a B CO@QHHEHHAX, COJepxallHx cucTemy cBa38eH O = C—C = N—NH (?) 
au O = C—C = C—NH (*5), coneo6pa30BaHve CBA3aHO C TMepeMelleHHeM 
Baseli. MccneqoBanne, mpoBeyeHHoe panee B Hale Ja6opaTopuu (°), noKa- 
‘aio, YTO B y.-:—). CNeKTpaxX NMOTOWeHHA 3-allWINUpPasOOB pH nepexoye OT 
(eHTpabHOH K WeOUHOH cpeze HaGOaeTCH 3HAYHTeJIbHBIN OaTOXpOMHBI 
WBur, YTO TOBOPHO Kak OyjTO 06 H3Me€HEHHAX B CHCTCME T-3JIEKTPOHOB MOVIe- 
‘yuibt. B To xe Bpema Aa 3,5-anenn-4-6pomnupasoa, TakxKe CONaaroule©ro 
<HCJIOTHBIMH CBOHCTBAMH, HO He CnocoOHOrO K TayTOMepHOMY CJBHTy CBA3eH C 
(apyUIeHHeM apOMaTHYeCKOH CHCTeMbI NHpas0/Jla, TaKOTO 3aMeTHOTO CBura B 
‘.-). cneKTpe He HaG6uozaocb (’). 

J[pyroe BO3MOxHOe OObACHEHHE KHCJIOTHBIX CBOMCTB 3-allHJINHPasONOB CO- 
TOHT B TOM, YTO NOL BJMAHHEM 9JEKTPOHOAKUWeNTOPHOrO sdPekTa CBASAHHOH C 
[pom KapOouWsbHOM rpynnbi alnABHOrO payukaa cBa3b N—H B nupasoub- 
10M ILHKJIe NOJIAPH3YeTCA, B Pe3yJIbTaTe YEO BO3MOXKHO OTIULENJIEHHE BOROpoAa 
- Bue mpoToua: 
| 


R—C—C=—CH R= C=C ch 
UI ——— Tol ik. 4s ere a) 
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B novp3y STOFO NpeANOOReHHA CBHETEbCTBOBAJIN H3BECTHBIC 3 JMTepaty- 
BI (bakTHI, TOBOPALLHE O KHCJOTHBIX CBOHCTBAX MPOH3BOHEIX MMpaso/la, HMEHO- 
8—10 
(HX OTPHIlaTenbHBIe 3amecTuTemH (°—*°). 
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TlepponayabHO, Ha OCHOBaHHM HcceqOBaHNA y.-c). CNEKTPOB allHJInHp 
30J10B, MBI CKJIOHHbI ObWIN OTAaTb NpenouTeHuNe NepBOMY H3 ABYX BO3MOXKHBI 
OObaACHeHHH (°), OMHAKO 9TH JaHHbIe HE MO3BOJAJIH OKOHYATEJIbHO CieJlaTb Bbb 
6op meKly cxemamu (1) u (11). 1a ofHosHauHoro pemeHHaA BONpoca O ae 
KHMCJIOTHBIX CBOHcTB all\MJIMMpa30JIOB HaMH ObIIM H3Y4eHbI H.-K. CMCKTPbI HeK 
TOPbIX COe@AHHEHHH STOO PALA HW UX MeTAJIMYeCKHX MpONSBOHbIX. B caMOoM AG 
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Puc. 1. Wncdpaxpacusie cnexrppl 3-ayeTrHanupasona (a), 3-muBanonsnupasona (6), HaTpuesd 
comm 3-anerHamupa3ona (6) u cepeOpsaHoi comm 3-aneruamupa3zoua (2) | 


Je, eCJIM B H.-K. CneKTpax come uacrora CO-rpynmbl oTcyTcTBOBaJIa Obl, Ka 
3TO HMCeT MECTO JIA W.-K. CMeKTPOB cosleH a- HM y-mMpHzoHOB (11), MOx» 
ObIO Obl TOBOPHTh O TayTOMepHOM CBUre MIpH coleocOpasoBaHHH 0 cxeme (1 
HalpOTHB, COXpaHeHHe YaCTOTbI KAaPOOHHJIbHOH FpyNMbl B H.-K. CMeKTPax COVE 
OJHO3HAUHO YKa3bIBalO Obl Ha cOJeOoOpa3z0BaHHe mo cxeme (II). Hamu Opi 
CHATHI W.-K. CMeKTPbI 3-alleTHJI-, 3-MMBaJIOWJI- H 3-OeCH30HINHPasO/JIOB, a TaK 
HaTpHeBoH H cepeOpaAHOH coueH 3-aleTHinupasona. YKa3aHHble 3-aluJinup 
3OJIbI ObWIH CHHTe3HPOBaHbI M0 paspaOoTaHHbIM paHee B Hallie sadopaTopy 
metojiam (1,1*). HarpHespaa cob 3-alleTHimupa30qa noyyalach C BbIXO]G 
78% B3auMOJelicTBHeM STHaTa HaTpuA MM 3-alleTHINUpasona B CNUpTOBa 
pacTBope c MmoOcweLyIOUlMM BbICaxKHBaHvemM adupom. IlopommKooOpa3Haa cov 
cogepxKasa 10O—15% amKkoroJaTa HaTpHA, UTO He HMeJIO 3Ha4YeHHA JIA Halli 
ween. | 


Hatigeno %:N 18,83; 18,46 
CsHsNeONa. Bopruuceno %:N 21,21 


CepeOpaHaa cob 3-alleTHINupa3oa moulyuasacb Cc BbIxXoqoM 93% np B3a 
MOJeHCTBHH 3-alleTHIMMpas0a C BOXHO-aMMHauHbIM pacTBOpOM on 
ro cepeOpa H BbINaqala B Bue TBOPO*KUCTOrO GecllBeTHOrO OCalKa, KOTOPE 
OTPHJIbTPOBbIBaJICA HM BbICYIIMBaJICA. 


Hatinmeno % :C 27,97; 27,90; H 2,48; 2,38; Ag 49,81; 49,54 
CsHsN,0Ag Baruucmeno % : C oF 67; 16h 2 eee Ag 49,74 


| 

| 

W.-K. CNeKTPbI BCeX MOJIYYCHHBIX BeLLeCTB ObWIH CHATHI Ha IpHOope UKC-| 

B KPHCTaJJIM4YeCKOM BHJe (MacTa C BaseJIMHOBbIM MaCJIOM); OHH IIPHBeeHbI I 
puc. 1. Kak BuyqHo, B U.-K. cnekTpe 3-alleTHmMpasoua (puc. | a) mpucyTecrBy) 
MHTCHCHBHaA MOOca, OTBeYaloMladt KoNeOaHHAM C=O-rpynub, mpu 1662 o 
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- HHTCHCHBHAA MOMOCAa BaJICHTHBIX KOIeOaHH CBaA38H mpu 3230cm +. MuTepecuo 
VTMCTHTb, UTO CMeLILeHHe NOMOCbI C=O no cpaBHeHHIO C ee MOMOXKEHHEM B HACbI- 
{\CHHBIX KETOHAX C OTKPbITOH Wembio (1725—1705 cm +) cuabuee np conpaxe- 
‘MM KapOOHMJIbHOH Ppynnbl C WHpas0/IbHbIM KOJbIOM, UeM IIpH ee conpsxKeHHH 
| (peHMJIbHBIM ANPOM (B alleTO*eHOHE YacTOTa KapOOHHIbHO MOM0CbI paBya 
(686 cm). AnaoruuHbiit u tare Oonburnit abdpexr HaOJOWaeTcs, OHakO, y 
-aMuHoallerodenoua (1634 cm) (7%). Tlo-Buqumomy, mpnunua Takoro u3mMeHe- 
MA YaCTOTbI CBASAHA C S/IEKTPOHOLOHOPHBIMU CBOHCTBaMH aMMHOrpynnbl, MpH- 
OJANIMMH = K YMECHBINICHHIO CHJIOBOH TOCTOAHHOH cBa3H C=O. CopeplueHHo 
jak Ke OObACHAeTCA, Ha Halll BSA, yMeHbUIeHHe uacTroTEtE C=O-novocnl B 
-alleTHuimupasoe (cM. cxemy (II)). Takaa tTouxa spenna noyrBepxyaerca 
(OOXCHHEM KapOOHHJIbHOH NOJIOCh! B M.-K. cneKTpax 3-nHBasOMsMUpasoua 
1650 cm, cm. puc. 1 6) u 3-GeH30nINupasona (1636 cm). CHmKeHue yacTorsi 
» STHX CLYYaAX OObACHHETCH TEM, UTO MOMMMO 3JIEKTPOHOB, MOaBaeMbIX Ha 
‘apOOHHMJIBHYIO TpyMNy MHpasOJIbHbIM KOJIbILOM, Ha Hee JONOJHUTeIbHO T0- 
AaIOTCA SJICKTPOHbI TpeTHYHOOYTHbHOL rpynnoh (B cumy ee + J-9dpexra) 
(IM MeCHHJIbHBIM AJPOM (B CHJIy ero MOMApHsyemocrn). 

_ B 4u.-k. cnekrpe HaTpneBoi comm 3-aleruanupasoua (puc. 1 6) npucyrTcTBy- 
‘T MHTCHCHBHAA NOOca KapOOHH/IbHOK rpynnb npu 1650 cm, a B oOacTH 
1(000—3500 cm! (koneOanua N—H-cpa3u) Ha6utoqaerca CHBHO Jecbopmupo- 
‘aHHaA He OYHb MHTeHCHBHaA mMOOca. TlocmeqHIOIO MBI MIpHMCbIBAaeM MIpH- 
PYTCTBYIOWWMM mpHMecaM. Haimunve MHTeCHCHBHOM KapOOHMJIbHOM mouOchI uc- 
<JOUACT BOS3MOXHOCTH TOO, YTO OTPHMATeIbHbIM 3apaA B AHHOHE COJIN cocpe- 
lOTAUMBaeTCH B OCHOBHOM Ha aTOMe KUcJIOpoya. CeqoBaTesibHO, B aHHOHE 
PTPHILATeIbHbI 3apsa COcpeOTOUeH TaBHbIM OOpa30M Ha aTOMaX a30Ta (HJM 
{a OJHOM H3 HHX). JJOBOJOM B MOJIb3y TaKOFO peANOMORKCHUA ABJIACTCA H TO, 
ITO acTOTa KapOOHHJIbHOH Fpynnbl B CNeKTPe COJIM NpeTepmeBaer JOMOMHUTEIb- 
JOe CMCIIEHHe. ITO ABJICEHHE MOXKHO OODACHHTL TEM, YTO MHPasOJbHbIM WHKI, 
3 KOTOPOM OJHH M3 aTOMOB a30Ta HECeT OTPHUAaTeJIbHbI 3apay, Oomee cmoco- 
jeH K MOfaye SJICKTPOHOB, H@KCJIH «HeHTPaJbHbI» WK: 


Ecam paccmotpeTb H.-k. cnekTp cepeOpsHon coum 3-alleruinupasola (cM. 
duc. 1 2), TO B HeM HaGsOJaerca Takad Ke MHTEHCHBHAaA MoOoca np 1662 cmt, 
Kak UM Jia CBOOO,HOrO 3-aleTHIMMpasoma. B TO Ke Bpema nosoca N—H-cBa3su 
ucuesaeT nosHOcTbIO. M3 asToro MOXKHO CelaTb BbIBOL, YTO aTOM cepeOpa 3a- 
MeHAeT ATOM BOOpOMa U OOpasyerca BellecTBO, B KoTOpom N—Ag-cBa3b Ko- 
BaleHTHa. B nou/ib3y TaKOrO MpesnosO*KeHUA TOBOPUT TOT (akT, YTO YacTOTAa 
KOeOaHHH KapOOHHJIbHOH Tpynnbl COBEpWICHHO Taka %Ke, KaK HM B He3aMe- 
WICHHOM 3-alleTHIMMpasole HU, CuIeMOBaTeIbHO, HaOofaBIuNucA B cAyyae 
HaTpHeBOH cOuIH 3-alleTHINUpasoda aiPpPpeKT, OOYCJIOBJIEHHbIH 3apAOM y aTOMa 
a30Ta, 3e€Cb OTCYTCTBYET. 

Takum 00pa30M, MIpHBeeHHbIe B STO CTaTbe AaHHbI€ 3aCTAaBJIAIOT MOJIHO- 
CTbIO OTKA3ATbCA OT MpPeANONOKeHHA O COMeOOPasOBaHHH allWJINNpaso/OB 3a 
cueT OOpa3s0BaHuAa O-MeTaJJIMYeCKUX MPOH3BOAHBIX (cxema (1)), B CBASH C 4YeM OT- 
flajlaer HM MpeqnouaraBuiasica paHee BOSMOXxHOCTS (°) TayTOMepHH 3-allWJINH- 
pasoslioB. ScHO, YTO MOCKOJbKY B MeTaJIJIHYCCKUX MPOU3SBOAHBIX 3-allMilmupa- 
30JI0B IIPHCyTCTByeT KapOoHMJIbHad rpynma, TO comecOpasoBaHHe STUX COCH- 
HeHHIi CBA3aHO C yculeHHeM NosapusanuH cBasH N—H mupasombuoro lWuKkJla 
ON BAMAHHEM IEKTPOHOAKIeNTOPHOLO a:ppekTa allWJIbHOH PpyMbl (cxema (I1)). 
OueBHHO, HECMOTPA Ha OOJIbIy!IO BJIEKTPOOTPHUAaTebHOCTh aTOMa KHCJIOPO- 
a, HapymMenue apOMaTHYHOCTH NMpasOJIbHOFO WHKJa B Cyyae o6pa30BaHHaA O- 
MPOHSBOJHbIX ABJIACTCH HACTOJIbKO CHJIbHbIM MPelATCTBHEM, YTO couleo6pa30Ba- 
Hue 10 aTOMy a30Ta ABJIAeTCH 9HepreTMYeCKH Oovlee BHITOAHBIM Mpoleccom. 
7411 


Uro KacaeTcad ynOMAHYTOrO BbINe OaTOXpOMHOrO cyABHra B y.-. cmeKTpax 3} 
allLWJINHpasoJIOB B WLeOUHOH cpese, TO MOCeHHH, MO BCeH BeEpOATHOCTH, CBA) 
3aH C HeEKOTOPOH edopMallveli CHCTeMbI T-3JIEKTPOHOB NMHpasoOJIbHOTO WHKa 
YTO TIOATBep2KLaeTCA H OTMCYCHHDIM BbIINe CMel[eHHeM mOOchI C = O-rpynnb 
B W.-K. CNe€kTpax cose 3-alleruimupa3oua. | 


Mockosckult rocyapcTBeHHbIlt yHHBepCuTeT Tlocrynun0 
um. M. B. JlomoHocosa 25 VI 1958 
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PHSHTECKAA XHMHA 
B. E. fYJIb » HW. M. YEPHHH 


IKCNEPHMEHTAJIBHOE WCCJIEQOBAHHE PACIPEXEJIEHUA 
HATIPS)KEHHHM B MPOLWECCE PA3PbIBA TIOJIMMEPOB 


(ITpedcmaeaeno akademuxom B. A. Kapeuneim 14 VII 1958) 


B HacTosllemM uccieqoBaHHH JA MOJLyYYeHHA aHHBIX O pacnpeyeneHun u 
3MCHeHHH Hanlp s2KeHHH B lpollecce pocra oOsacTH pa3spbiBa Obi paspaooTaH 
#MeTOA CKOPOCTHOH KHHOCBEMKH B NOJIAPH30BaHHOM CBeTe. B KayecTBe OObEKTOB 
}HCCIeIOBaHHA ObWIM BbIOPaHbl: NOJMSTHICH, NOJIMMeTHIMeTaKpusaT HU BYJIKa- 
JHH30BaHHBIM Kayuyk. Kak M3BeCTHO, HCCJIeQOBaHHe HalipaAxKeHHii B Jedopmu- 
{pOBaHHOM OOpaslie mpospayHOrO MaTepHasa B MOMAPWMSOBAHHOM CBeTe OCHO- 
BaHO Ha TOM, YTO MO BJIMAHHeM HalpAxKeHHH TakHe MaTepHaJbl CTaHOBATCA 
RIBOAKONpeOMIAIOWHMH. II]pH sTOM B OOpaslle H3MepsIOTCA He CaMM Hanps- 
#KEHHA, a HaOJIOMaeTcCA BO3SHHKAIOULE 
IBCJIEXCTBHE JBOHHOTO JyYeNnpesIOMJIeHHA 
[ONTHYCCKHH SPPeKT, KOTOPHIN MO3BOUAeT 
\cyMWTh © HaNpaxeHHAX, NOABMAIOMINXCHA 
'B OTJCJIbHBIX TOUKaX OOpa3siia. B KayecTBe 
)MCTOUHMKa CBETa NMPHMeCHAMCA MporxkeKTOP 
‘mMoujHOocTbIO B 3000 BaTT HIM BOJIbTOBAa 
| yra Ha nocTosHHOM ToKe. McTrouHuku cBe- 
)Ta peryJMpOBaJIuCcb TAKUM OOPasoM, YTOODI 
(C MNOMOU[bIO 3€pKaJI WIM CHCTeMbI JIHH3 
| MOXKHO ObIJIO MIPOCBeUHBaTb HCIbITbIBAeMbIe 
/OOpa3libl NapaJVIebHbIMM JIyuamMH. OOpas- 
bl JesopMupoBasuch JO paspbiBa c M0- Puce. 1, SakmounTedbHBIe Kafpbl CKo- 

- PpocTHOH KHHOrpaMMBb! pa3pbiBa oOpasia 
MOULbIO PaSPbIBHOM MallIMHbI PMM-60, He- NOJIMSTHIeCHAa, CHATOM B MOAPH30BaHHOM 
CKOJIbKO H3MCHEHHOH MpHMeHHTeJIbHO K aH- cpeTe 
HbIM HCMbITaHHAM. B kauecTBe MOJApH- 
3aTOpa UCHOIb30BaJICH TepanaTHTOBbIN MOJAPOH, MOMeLICHHBIN B OmpaBy, 
KOTOPad NOSBOIAa NOBOPayMBaTb NOMApOUA Ha MO6OK yrou. AHamH3aTOpOM 
CYKHJ TOXKe repanaTHTOBbI nNoApoHny. B paccmaTpHBaemMoM cJlyy¥ae JIMHHH, 
COCIHHAIOWUMe TOUKH C OMHAKOBOH OKPacKOH, NO3BOIAIOT CYHTb O HOPMAJIb- 
HbIX HalIpsxKeHHAX B MOMepeuHOM ceyeHHH OOpasila, TaK KaK Pa3HOCTb [ylaB- 
HbIX HallpsAxKeHHH PaBHa HOPMaJIbHOMY HalpsAXKeHHIO B NOMepeyHOM CeyeHHH. 
ViccmeqoBanue mpollecca pa3pbiBa MOJIMSTHIeHa, MeTHJIMeTaKpHJlaTa H 
BYJIKAHH30BaHHOrO Kay¥ykKa MOKa3a/i0, YTO Mey MeXaHH3MaMH Ppa3pbIBa 
9THX MOJIMMepOB HMEIOTCH CyulecTBeHHbIe pasiuuHa. Ha puc. | mpuBogatca 
OTI@JIbHbIC Kapbl M3 CKOPOCTHOM KHHOrpaMMbI Ipollecca pa3spbIBa NMOJIMSTH- 
JleHa, CHATOM B NOJApH30BaHHOM cBeTe. Ha 9THX Kafpax u300PaxKeHbl 3akuJII0- 
YHTe@JIbHbIe CTA Mpollecca pa3spbiBa NOJIMSTHJIeHa, PaCTArMBaeMOrO CO CKO- 
poctnio 500 mm/muH mpu tTemmepatype 20°. OOpa3iibl noOMaTHIeHa pasMepoM 
50 < 60 mM uMeuM Halpesbl Cc AByX CTOPOH MO 2 MM AVIA Toro, YTOObI 3apaHee 
ompeleiuTb HanpaBJeHue pocta O6lacTH paspbIBa. CKOpOcTb TpaHcnOpTHpOBKH 
KHHOMJIeHKH Oba 1000 Kagp/cex. M3 paccmotpenua puc. | caeqyer, 4TO 3a- 
KJIOUHTeIbHbIe CTA Mpolecca Ppa3pbiBa, MpOTeKalOllWe CO CpaBHHTeJIbHO 
6ObIUOH CKOPOCTbIO 3a MavIbIe JOJIH C€KYHAbI, XApaKTepH3yIOTCA OTCYTCTBHEM 
nepeHanpaAxKeHH B MecTe pocTa OOsacTH pa3pbIBa. IIpeqmectByiomui STOMy 
MepHON COOTBETCTBYET OOLIYHO NPHHATHIM ONMCAHHAM Mpollecca paspbiBa NOVIH- 
3THJIeHa: B MecTe pocta O6slacTH pa3pbIBa HaOJOMalOTCH XapaKTePHbIe NATHA, 
CBHJeTebCTBYIOUNWMe O HasMYMH NepenanpsxKeHuH. Ha puc. 2 npescraBsenbl 
Kapbl CKOPOCTHOM KHHOCbEMKH, COOTBETCTBYIOUIH€ MOMCHTY BpeMeHH, IIpe/l- 
wecTByIOUleMy Hayasy OpicTporo pocta OO6sacTH Pa3spbIBa H MOMEHTY Pacipo- 
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crpaHeHun oGslacTH pa3spbIBa C OOJIBINOH CKOPOCTbIO. B nayane epopmallyn 
3aMeTHO HeOMHOPOMHOe pacnpesesenve HalpAKeHHH B oOpa3ue. B mecre HaJ- 


pe3s0B MMeIOTCAH MMKH mepeHallpA2KeHHH. 


a 6 6 2 
Pune. 2. Kaypbl 43 CKOpOcTHOH KHHOrpaMMb! Pa3pbIBa MOMMSTHIeHA, CHATOM B MOAPH30BaHHOM 
cBeTe: @ — Hauaso jepopMallun, 6 — Hauano OOpa3s0BaHnA «WIeHKH», 6 — Hauamo pocta 06- 
WlacTH pa3spblBa, 2 — MOMEHT paclpocrpaHeHua OO/IacTH pa3spbiBa C OOMbUIOM CKOPOCTbIO 


OjHako JlabHenmee PpacTAxKeHHe COMPOBORMaeTcA CrvlaxkKHBaHHeM IMIMKOB 
nepeHanpsaxenui. IIpu stom oOpa3yerca XapakTepHaA «leHKa», NO Mepe po- 
cTa KOTOPOH pacTyT pa3MepbI OOsIacTH OHOPOAHOrO pacnpeeJIeHHA HallpAxKe- 

HHH WM, HaKOHell, HactTy- 


Hue OOacTH paspbiBa. Ha 
9TOH cTa]HH, B MIpOTHBO- 
MOJIOMRHOCTh = PB JI bTAa- 
TaM, MOJIYYeHHbIM WIA 
JPyruX MOJIMMepoB, MH- 
KOB TlepeHanpAxKeHHH He 
HaOuI0Waerca. 
CoBeplleHHO HHO Xxa- 
pakTep Meer pa3pbiB 
Puc. 3. Kappi 43 ckopocTHoll KMHOrpaMMbl Pa3pbIBa MOJIH- JIMHEHHBIX TMOJHMEPOB B 
MeTHJIMeTaKPUaTa, CHATOM B MOJAPH30BaHHOM CcBeTe SaCTCKJIOBAHHOM COCTOS- 
Hun. Ha puc. 3 u306pa- 
XKCHbI HEKOTOPbIe KaPbl CKOPOCTHOH KMHOCBEMKH MOJIMMeTHJIMeTaKpHlaTa B 
MOJIAPH30BaHHOM cBeTe. IlomspH3alMOHHad KapTHHa COOTBeTcTByeT cylle- 
CTBYIOULHM IIpejlcCTaBJICHHAM O Me€XaHH3Me PaspbIBa MOJMMepOB B 3aCTeKJIO- 
BaHHOM COCTOAHMM. Cpasy %e nocle Havasa JedopMalluH B mecTe Hape3a 
BO3HHKaeT NepeHalps2xKeHHe, BOSpacTaloulee 0 Mepe pacTHKeHHA OOpasita. 
YeelMyeHne NepeHanps2xKeHHH JWIOCTpUpyercA YyBeIMYeCHHeEM MHTCHCHBHO- 
CTH MOTCMHEHHH B MecTaxX Hajpe3s0B OOpa3sita. Becbma sm060onbITHOe UM, Kak 
HaM KaKeTCH, BaxKHO€ OOCTOATEIbCTBO COCTOHT B TOM, 4TO MO Mepe pac- 
TA2KCHHA OOPasila NOJIMMETHJIMeTaKpUlaTa PasMepbI IVIOTHOrO NOTeMHeHUA (Ha 
v300paxkKeHHH OOpasila, CHATOFO B MOJAPH30BaHHOM CBeTe) YBeIMYMBAIOTCA, 
HO He OMHaKOBO BO BCex HalpaBsleHHAX. IloremHeHHe pacmpocrpanserca 
MIpCHMYICCTBeEHHO B HalpaBJIeHHH, MepMeHAMKYJIAPHOM HanpaBJIeHHIO pac- 
TAKEHHA. CleqOBaTesbHO, OT OMHOFO JeseKTa K Apyromy, m0 Mmepe jemop- 
MallHH, NepleHIMKyJIAPHO HampaBJIeHHIO PacTAxKeHHA PacmpocrpaHsAlwoTca O6- 
JacTH nepe..anps2KeHHi. Cyt M0 MHTCHCMBHOCTH MOTeMHeHHi, mepenanps- 
*KCHHA TCM MCHbINe, YeM JlaJIbIe HaXOAUTCH paccCMaTpHBaeMad TOUKa, Je- 
Kalllad B OOaCTH MOTeCMHeEHMM, OT FpaHH Jedekta oOpasia (B JaHHOM 
cayyae — Hajlpesa). Hakonell, HacTymaeT MOMeHT, Kora OOacTH mOTeMHe- 
HHH CJIMBalOTCA HM MPOWCXOAMT BbIPaBHHBanve MIOTHOCTH NMOTemHeHHA. B 
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maer ObicTpoe paspacta- | 


AJIOCKOCTH, NePpNeHAMKYJAPHOH OCH pacTAxKeHHA OOpasila, BOSHUKIN mepeHa- 
IPA2KCHHA, CHadaJla Pa3sJIMYHbIe B PaSHbIX TOUKAX HavOolee OMAacHOrO ceyeHHA 
.B 3aBHCHMOCTH OT CTEMeHH yaJIeHHA OT rpaHull Aecekta), a 3aTem (pune. 3 @) 
§2aBHble 0 BesMunHe. B Hepa3s0pBaBUIeMcsA OOpasiie NOAMMeTHIMeTaKpHulata 
(rylyecTByeT OO/lacTb paBHbIX nepeHanpsxeHuH. B paccmatpwBaemom cjyuae 
WOPCOMeTPpHYeCKOe MeCTO TOYeCK PaBHbIX 3HAYeHHH TepeHanpsxKeHHH MpOXOMUT 
(WoO WIocKkocTH, NepneHAuKyJIApHow Ocu pactsKkenHuA. Ilo stow muiockocTu mpo- 
YEUCXOTMT pasyeienue OOpa3iia Ha WBe uacrTH. 
| 8B xkauecrBe mpumepa nouuMepos c pasBUTO MpocrpaHcTBeHHOL cTpyKTypoii 
WObMIN UCCIeNOBaHbl BYJIKAHH30BaHHbIe MJICHKH KayuyKa M3 HaTypaJbHOrO Jla- 
Wrekca. OTH MeHKM XapakTepu3yloTcs OoubIUIOH MO CpaBHeHHIO C Apyrumn Byu- 
aHH3aTaMu MIpOuHOcTHIO. OOpasilbl, Halpesan- 
‘GHbIC, KaK YKa3bIBaJIOCb BbIIIe, PacTAPHBaJIHCb 
NO pasppwa Ha 900 + 1000% . Mepenanpsxenuit 
4B MecTaxX Haj[pe30B B TOM BHJle, Kak 9TO yKa- 
SRSbIBAJIOCb paHbue, He HaGOJaocb. OnHaKo 
sHaONOJasIOCcb BO3HHKHOBeHHe moBepxHocTeli 
Me€peHalpAXeHHH, PaCMOJIOXKeHHbIX He TWepmeH- 
BAMKYJIAPHO OCH PacTAX*KeHHA, a MapaJVieIbHO el. 
'B uccmeqoBaHHEIX OG6pasilax Be MoBepXHOCTH 
STIepeCHaNPAXeHHH ABJIAJIMCb KaCaTeJIbHbIMH K 
(@rpannuiam nalpesa. Ha ono u3 craqui mpo- 
J uecca pa3pblBa M0 3THM MOBepXHOCTAM mepeHa- 
| mpaxkenH mponcxog_uT pa3syemenue oOpasiia Ha 
8 uactu. OctTapuasca vacTb B mpolecce JaJib- 
y HeHmero pacTAxKeHHA CTaHOBHTCA Bce Oovlee 
) HEOJHOPOZHOH (B CMbICJIe pacmpeseseHHA Hanps- 
}2KeHHH) HM OOpasell pa3zqeneTcH Ha THDKH. 
| BeseycrBue Toro, ¥TO B pacCMaTPHBaeMOM CITY- pyc. 4, Karp ws exopocneen 
}uae Hapesb He BbINOHAIM OObIYHOH (yHK-  xyuorpamMel pa3ppipa  menKH 
| MH — PUKCHPOBATH MECTO Pa3pbIBa, a NOCe BY /IKaHH3OBaHHOrO Kay4yKa, CHA- 
| paccoeHua oOpa3ila m0 moBepxHocTaM, Kaca- BOG. B OR HDES Oba HONE BETS 
| T@JIbHbIM K TpaHHllaM HajpesoB, oOpasell je- 
| (opMupoBaJicA Kak HeHapesaHHbId HM PBaJICA B cayYaHHOM MecTe, 3aPHKCH- 
| pOBaTb KapTHHY pacipeevieHHA HalpsAxKeHHH B MOMeHT OpICTporo pocta OO- 
| JIACTH PaspbIBa HaM He y/aJlOcb. 
: OjuHako paccmoTpeune puc. 4 aeT OCHOBaHHe CUNTATb, UTO Pa3spbIB MpPOUc- 
XOJHT B OJHOPOJHOM (B CMBICJIe pacnpeeeHHA HalmpxAxKeHHH) MaTepHaue. 
TakuM O060pa30M, Ha OCHOBaHHH HCCJeOBaHHA mpolecca paspbiBa MOJIMMePOB 
MeTOJOM CKOPOCTHOM KHHOCbEMKH B M0JIAPH30BaHHOM CBeTe YCTAHOBJICHbI IpHH- 
ILHMMaJIbHbIeE pasIHYHA B pacnpeAeeHNH HanpAKeHHH MPH pacTsx*KeHHH O6- 
-pa3ioB ~nomuMepos. JIMHeHHbIe KPHCTaJJIM3yIOULHecA NOJIMMepbl THMa MOJIN- 
STHJICHA XaPaKTepH3yIOTCA TeM, UTO ObICTpoe pacnpocTpaHeHHe MOBepXHOCTH 
Pa3pbIBa IPOHCXOAUT B OHOPOHOH 30He HanpsxKeHHH. JImnelHbIe NO.MMepbI 
B 3aCTCKJIOBAHHOM COCTOAHHH, THMa MOJIMMeTHJIMeTaKpPHJlaTa, Pa3PbIBaIOTCA MO 
‘TIOBEPXHOCTH, MepleHAMKyMAPHOH OCH WesopMaluH, UPHYeM 3Ta MOBEPXHOCTb 
cHauala ABJIAe€TCA TEOMETPHYeCCKHUM MeCTOM TOUCK PaBHbIX 3HaYeHHH MepeHa- 
npsxkexni. TlomumMepbi c pa3sBuTOl mpocTpaHCTBeHHOM CTpyKTypoH, THNMa ByJIKa- 
HH3aTOB M3 MJICHOK HaTYPaJbHOrO JNaTeKCa, XaPaKTePpH3yloTCA PacipedeseHHeM 
HampsxKeHHH B MWIOCKOCTAX, PaCMOJIOXMKeHHbIX BAOMb OCH pacTaxkeHnA. PaspbIB 
OOpa2uoB MPOHCXOAUT NO STHM MOBEPXHOCTAM, Kora NepenalipsxKeHUA NOCTH- 
raioT JOcTaTOUHO OOJIbIIMX 3HaueHHH. 
B 3akmo04eHHe aBTOPbI BbIpaxkaloT TIyOOKYIO MpPH3HAaTeJIbHOCTb aKaJl. 
B. A. Kapruny 3a pay, BecbMa Ie@HHbIX COBETOB H MOMOUIb, OKasaHHylo B Mpollec- 
“ce BbINOJIHeHHA HacTosmei paborbl, a Takxe B. M. Kospapcxort 3a mpesocTas- 
JeHHe O6pa3oB AIA MCIbITAHHH. 
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PHZSHYTECKAH XHMHA 


C. TM. 9KHAHOB 
O JErHAPATALMM HW PETHAPATAWMM MOBEPXHOCTH KBAPLA 


(IIpedcmaeaeno axademuxom M. M. Jy6ununoim 11 VII 1958) 


B o6bluHbIX YCJIOBHAX MOJYYCHHA MOPOWIKOB KBaplla MOBeEPXHOCTb YaCTH- | 
yeK KBaplla, MOJOOHO NMOBepXHOCTH CHUIMKarewieli, THApaTHpOBaHa H HeceT} 
PHAPOKCHIbHbIe Tpynnbl, BaJIeHTHO CBA3AHHbIe C AaTOMaMH KpemHuaA (1,7). O6- 
pasOBaHve Ha MOBepXHOCTH KBaplla B pe3yJIbTaTe ee THApaTalluu TeTpasApH- 
YeCKHX KP€MHEKHCJIOPOZHbIX PpymM, CBOOOHHIe, BbIXOAAWHe Ha MOBEPXHOCTb — 
B@PIIMHbI KOTOPbIX 3AHHMAIOT OJHOBAJICHTHbIC rpynnbl OH, npHBosUT K BaJeHT- 
HOMY HACbILCHHIO MH HOPMaJIbHOM KOOPAMHALMH MOBePXHOCTHBIX ATOMOB Si 
uO. Kak u3BecTHO, peakluA THpaTaluu noBepxuocTu SiO, sk3s0TepMHuHa. 
B pesybTaTe nmepexojla mpesesbHO JeruipaTHpoBaHHOH MOBepXHOCTH aMOpd= 
Horo SiO, B mpezebHO ruApaTupoBaHHylo, NO JaHHbIM Bpyuayapa u yp. (*), 
NOJIHad MOBepXHOCTHAA 9HEPIHA YMeHbWAeTCA NPHOMM3uTeEMbHO Ha 130 apr/cM ®. 
TlosTOoMy MOXKHO O%KULaTb, YTO MPH KOHTAKTe BHOBb OOpa30BaHHOH MOBeEPXHOCTH | 
KBaplla C BOOM, Kak 9TO HMECT MECTO IPH OOPpaboTKe NOPOWIKOB KBaplla B BOA- | 
HbIX PaCTBOPaX KHCJOT AVIA yaJIeCHHA 3arpxA3sHeHHH WIN pH OTMYYHBaHHH HX 
B Bose, WIA pasqeseHua Ha (PpakWHH, NOBEPXHOCTb KBaplla JOJIKHA HAXOMHTLCA 
B COCTOAHHH lpeAesbHOH TuApaTalluu, MpH KOTOPOM KOJIMYeCTBO THAPOKCHJIOB 
Ha e€HHHILe MOBEPpXHOCTH MAaKCHMaJIbHO HM COOTBETCTBYeT KOJIMYUeECTBY CBA- 
3eH Si—O—Si, pa30pBaHHbIX Mp OOpa3s0BaHHH MOBepXHOCTH; OHO JOJKHO 
ObITh OJIM3KHM Y Pa3JIMUHbIX OOpasiloB KBaplla BBUAY HCHTHUHOCTH UX KPUCTaJ- 
JIMYECKOH CTPYKTYPbI. 

Ha oOcHOBaHHH KPHCTaJJIOXHMHUCCKHX JaHHbIX MOXKHO MOKa3aTb, YTO BO3- 
MOXHbI€ H3MCHEHHA KOJIMYCCTBA FHAPOKCHJIOB Ha CMHHUE MOBEpXHOCTH KBaplla 
B COCTOAHHH MpeflesbHOH rHApaTaluv B 3aBHCHMOCTH OT BbiOopa mMocKocTel 
pacKkaJIbIBaHHA OrpaHwunBaloTca npeyetamu 9,9—16,0 »pM/m? (?). Ecan yuecte: 
MpOABJI€HHe AHHM3OTPONHH Np pacKaJibIBaHHH, OTMeYeHHOe Oureabrapytom (°*), 
TO BePXHHH Npeses] NOBEPXHOCTHOH KOHUEHTPalluH THAPOKCHJOB JO/2KeH OBITb: 
nOoHwxKeH 10 12,6»M/m?. Oqnako onpesenenua cosepxKanHA FHAPOKCHJIOB Ha eLH- 
HHWe MOBEpXHOCTH KBaplla, NO JaHHbIM TEPMHYeECKON JeruApaTaluu, NpuBOAAT 
OObINHO K SHAUHMTEIbHO OOJLIIMM HW MPHTOM pa3svIMUHbIM BeHunHaM. He nper- 
CTABJIA€TCH BO3MO2MKHbIM HHTEPMPECTHPOBATb IKCIEPHMEHTAJIbHbIe Pe3YJIbTATHI, 
eCJIH CUWTATb, YTO MOBEPXHOCTHbI€ THAPOKCHJIbI ABJIAIOTCA ECJMHCTBCHHBIM HC- 
TOUHHKOM BOJbl, BbIJeAIOWEHCA MPH MpOKaJIMBaHuH KBaplia. 

B Hactoauel paOote ucculeqoBaslacb Jeruy{paTaluuA B BakyyMe MopoulKa He- 
mpospauHoro KBapila (s = 5,4 m*/r) w ropHoro xpycrana (s = 0,58 M?/r), a 
Take perufpaTaluA MOBepXHOCTH TOpHOrO xpycTaA Moce mpokasMBaHHA 
mpu 1150° wu nponsBezeHo conoctTaBeHHe aCOpOWMOHHEIX CBOLiCTB HCXOLHOL 
(mpeye1bHO rujlpaTHpOBaHHOH), MpelesbHO JeruApaTHpoBaHHOH MH pernspaTu- 
POBaHHOH MOBepXHOCTel TOPHOTO XpycraJia NO OTHOWEHMIO K acopOunu mapoB: 
BolbI. [IpokatuBaHHe NOPOWKOB KBaplla MPOWSBOAMOCb B KBaplleBoli ammyule, 
mpHmaaHHOH K BakyyMHOH ycTaHoBke. Bojla, Bbilemsiollaica B KaxKOM HH- 
TepBasle TeEMNepaTyp NpPOKaJIMBaHuA, KOHACHCHPOBavlaCb B JIOBYLIKe, OXJaxKIa- 
€MOH 2KHIKHM a30TOM, H KOJIMYeCTBEHHO OnpeyesAacb JIH60 BeCOBbIM MeTO- 
OM, MYTC€M MOTIOWeCHHA €€ T€pXJIOPaTOM MarHHuA, HOO OOBEMHBIM MeTOJOM. 
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YceraHoBka Wid’ ucclesoBannA JerupaTalun no3Bo/ldvia KoMMUeCTBeHHO 

SNPeMeMATL TakKKe HW BOAOPOA, BbIAeMAIOMMHCA MPH MpOKasMBaHHu KBapta (}). 
Ha puc. | npuBegenbi KpuBble Leruqpatalun B BaKyyMe pa31MUHBIX o0pas- 

{4OB KBaplla C MpefebHO ruApaTHpoBaHHOH moBepxHoctbiw. Kpuspie 2 u 5 

NOJYYeHbI B HacToAWeH paOoTe, KpuBble /, 3 H 4 3aMMCTBOBaHBI H3 padorTbi 

[Uto6epa ('). Hecmorps ua To, 4TO 

(NKOJIMYECTBO BOB, BbIZeIAIOULelica HM? 


1 


#Ma WHPOKHX Mpefenax (or 5 Jo 


i 


j00 uM/m*). B ormuune or sToro np gy 


fAaloTcaA JIMWIb He3HAUHTEJIbHbIe KOVJe- 
fOaHHaA B cojepxkaHuu cTpyKTypHoit 2 


\@ BEJIMUHHbI YeJIbHbIX MOBepXHOcTelt 10 
j-ompeyesenbi JoctaTouHo HayexKHO (°). 
Tak Kak Bce kpuBble puc. | or- ae 
HOCATCA K OOpa3iiam KBaplla, M0- 200 = 400—~S «G0 600 = 000°C. 
(BeEPXHOCTb KOTOPEIX MO yCJIOBHAM 
NOJIYYeCHHA JOUKHA OTBeYaTb COCTOA- 
| HHIO TIpeeIbHOH YruApaTall\Hu, TO 
aD uAHO, 4TO PpaCxO*KeHHe KPHBbIX pc. | He MOKeT ObITb CBA3AHO C BO3- 
} MOXKHDIMH Pa3/IM4HAMM B CTeMeHH THApaTallMH MOBePpXHOCTH KBaplleB. ITO TeM 
) Oomee HeEBepOaATHO MOTOMY, YTO BO3MOXKHOE IpeebHOe COepxXaHve THAPOKCH- 
bene JIOB Ha €MHHIe NOBEPXHOCTH KBaplla, onpe- 
}- TeAIOULeeCA OCOOCHHOCTAMH CTPYKTYPbI KpH- 
8 CTaJIIM4eCKOH pelleTKH HW MeXaHHyecKOol 
aHH30TPONHeH KPHCTaJJIOB, COCTABJIAeT, Kak 
ykKa3bIBasocb, Bcero 12,6 #M/m?. ILro6ep (*) 
CUHTAeT IIPHYHHOH pacxoOx*KeCHHA MOJYYeCHHBIX 
MM KpHBbIX JerufpaTaluu HasiM“une NpHMeceH 
PIMHHMCTbIX MMHepaJioB B KBapllaX, MOrylLHx 
6bITb HCTOUHHKAaMH BbIAeCHHA BOJbI MpH 
mpokasuBaHHnu. He culelyer, OHaKO, HCKJIIO- 
YaTb BO3MOXMKHOCTh HaJIHYHA B KPHCTaJJIaXx 
KBaplla CBOOOLHOH (MOJIEKYJIAPHOH) BOB, 
He yaaolelca Ip OTKaYKe TOPOWIKOB 6e3 
HarpeBaHHuad. OTa Boa MOET ObiTb acopOu- 
poBaHa B TOHWAaHLINX TpellMHaXx HWJIM Haxo- 
JIMTbCA B ANCOPOMPOBaHHOM COCTOAHHH HJIH B 
COCTOAHHH TBeporo pacTBOpa B CaMOH KPH- 
3 cTasiMueckoH pemerKe. M3pecTHo, uTo Boa 
200 400 G00 00 WOO waco oOHapyxXuBaeTca B KPHCTalwax KBap- 

Puc. 2. ConocrapneHne kpuBbix fe- Wa CMeCKTPOCKOMHYECKH. 
ruApaTauu, MoulyYeHHbIx Ha UCXO]- Kpytoi noqpem KpuBol 5 puc. | B HH- 
BOM 1 DETAR ATHPOBAHHOM KBapie. reppasie 100—200° Moxer ObiTb CBA3AH C BbI- 
— HCXOJHbIH, HelpokKaJINBaBUIMHCA 
Kpapu; 2 — npoKasenubiii mpu 1150° AeeHHeM BOLEI, HeoOpaTHMO afcopOupoBaH- 
H perufpaTu popaHubili HOH B TOHYAHWIHX TpelHHaX MOJIe€KYJIAPHbIX 
pasmepos. IIpucytcTBve TaKHX TPelllHH B KpH- 
cTaJlax JaHHOro OOpa3sila KBaplla NOATBepxKAaeTCA TEM, YTO NPOKaJIMBaHHe ero 
npu 200°npHBOHT K 3HaYHTeJIbHOMY YBeJIMYeHHIO aJcOpOlu BOLL, B TO BpeMa 
Kak IIOBepXHOCTb, H3MepsxeMad M0 as0TY, OCTAeTCH NPAaKTHYECKH HEH3MeHHOH (°). 
Tlpu HamMunn TpeuLHH, THApaTHpOBaHHas MOBePXHOCTb KOTOPHIX JIMUIb YacTH- 
YHO JOCTYNHAa WIA MOJeKYJI a30Ta, BEHUHHA yAebHOM MOBEPXHOCTH MOPOLIKOB 
KBaplla, ONpeleineman mo alcopOunu as0Ta, yer MeHbIIe JeHCTBUTebHOM 
paccuHTbIBaeMble Ha | M? KOMMYeCTBA CTPYKTYPHOM BOLI MOryT OKa3aTbca Cy- 
Che 


Puc. 1. Kpuppre eruapaTrauun pa3qHuHblx 
o6pa3lo0B KBaplla B BakyyMe 


i 


ti 


ULeCTBCHHO 3aBbILICHHbIMH. ITO OOCTOATEICTBO TAK2KE MOXKECT ObITh OLHOK US 
BO3MOXKHBIX IPHYHH HECOOTBETCTBHA KOJIHYCCTB CTPYKTYPHOH BObI, Onmpee- 
JIM@MbIX H3 KPHBBIX Jeru{paTaluy pasM4HbIX OOpasloB kBapla (puc. 1) sOnpe= 
JeuleHHA COMeprKaHHA CTPYKTYPHOM BOMbI Ha perHApaTHPpOBaHHOH NOBepXHOCTH 
KBaplla H UCCIeOBaHHA aNCOPOUMA BOLI Ha TAaKOM NOBEPXHOCTH CBUCTEMbCT- 


BY!OT O TOM, yTO 3HaUHTeJIbHaA YaCTb BOJHI, BbIJeJIAIOULCHCA pH 1pOKaJIHBaHun 


HeKOTOPbIX OOpaslOB KBaplla, OOpasyeTcA He 3a CUeT MOBEPXHOCTHBIX THPO- 
KCHJIOB. 

Ha puc. 2 mpHBexeHbI KPHBbIe AerHApatallau TopHoro xpyctasA Ill (s= 
—0,58 m?/r). Kpupast / OTHOCHTCA K HCXOAHOMY, PaHee He MpoKa/HBaBIeMyCAa 
MOpouwky, a KpHBaxA 2 noJlyyeHa Ha TOM 
*Ke OOpasie, HO nocie TOTO, Kak ero MO- 
B€PXHOCTb Oblvla pesebHO jervypaTu- 
poBaHa mpoKaJHMBaHueM mpH 1150°, a 3a- 
TeM PerH]paTHpOBaHa BbIJepXKHBaHHeM B 
Bowe B TeyeHHe | Mec. NpH KOMHATHOH 
Temiepatype. Kak cuieqyer H3 cCOmocTaB- 
JIGHHA KPHBbIX pHc. 2, B pesyJbTaTe pe- 
rupaTalHH 3HaYHTeIbHOe KOJIHYeCTBO 
THAPOKCHJIOB BO3PpOAHIOCb Ha MOBepXHO- 
CTH KBapila. OHaKO KOJIHYeCTBO BOJBI, 
BbIJeIAIOULEHCA IPH MpOKaJIMBaHHH C pe- 
rHpaTHpOBaHHOH OBepXHOCTH KBaplia,. 
lIpH Bcex TemMnepatypax Bblle 200° oKa- 
3bIBaeTCH 3HAYHTCJIbHO MCHbIIMM, 4eM JIA 
HCXOMHOrO MOpoUika KBaplla Cc MmpeeIbHO- 
rHApaTHpOBaHHOH MOBEPXHOCThW. 

Puc. 3. Hauaabuble yuacTKH H30TePM ajl- Ec STH pa3JIHYAA HaXOMATCA B CBA 
CopOllMH BosbI Ha OMMOMH TOM xe Mopo- 3H C HeOJHHAKOBbIM COJeprkaHheM FHApo- 
ke kKBapila, O6pa6oTaHHOM B Ppa3HbIx KCHJIOB Ha CJHHHILE TIOBeCPXHOCTH HCXO]- 
yenopuax. 1a — eae mpexeIbHO HOrO H perHApaTHPOBaHHOTO OOPa3slloB, TO 
HU ERR VEL pag Ree pa3svlM4uHad cTeneHb THpaTalluH moBepx- 
B Boje B TeueHHe 1 mec.y 2—mnpoKkanen HOCTH JOA2KHA OOHAPYKHTLCA Ha H30Tep- 
mpu 1150°B Bakyyme; 3 — BbiqepxaH Tloc- Max aqcopouHH BOJIbI, T€AK Kak alcop6uHusa 
me npokasMBanns mpu 1150° B napax Box ~— BOB BECbMa UYBCTBHTEJIbHa K CTEMeHH PH]- 
(mpu p/p.='1) 48 uac. paTallau MOBepXHOCTH = KPe€MHe€3eMOB. 
(°,°,?,7). OHako, Kak BHXHO u43 puc. 3, 
M30TEPMbI aJCOPOMHH BO/bI, OTHECCHHbIE K EAHHHILe MOBEPXHOCTH, Ha HCXOJHOM 
(Ja) HW perufpaTHpoBaHHom (/6) KBaplax B OG/lacTH 3aNOJHeHHA MOHOCJIOA 
MpakTHYeCKH COBNMaawT. OTO MOET, OYCBHIHO, HMETb MECTO JIHUIb mpH OH- 
30CTH XHMHYeCKOrO CTPpOeHHA HM cTeneHH THApaTalluH MOBepXHOCTH B OOOHX 
cyuaax. M3 9THx WaHHbIX culeyeT, YTO MPH NepBOM MpOKaMBaHHH Nopoika 
rOpHoro XpycTasia BMeCTe C BOJOH, OOpa3s0BaBleHCA 3a CUeT MOBePXHOCTHBIX 
rpynn OH, Heo6paTHMo BbIJeH0Cb 3HAYHTEIbHOe KOJIHYECTBO BOLbI, HAXOLUB- 
WieHCA, OUCBHAHO, He Ha MOBEPXHOCTH, a B TOJIMLe KPHCTamIOB KBaplla. 

KounuectBo THAPOKCHJIOB Ha eAHHHWe NOBePXHOCTH perH~paTHpoBaHHoro 
KBaplla, OpeseseHHOe 0 KPHBOH WerHypatalun 2 puc. 2 c yuerom 0,48 »M/m? 
H,, BbIAeIMBIIMXCH IPH €fO MpOKaJIMBaHHH B HHTepBale Temnepatyp 500—1100°, 
cocraBseT 9,44 »M/m?. 

7a BEHYMHA JIMIb HE Ha MHOTO MeCHBIIe HWKHETO Mpesena BO3MOxKHOFO: 
COAepKAHHA THAPOKCHJIOB Ha CJHHHUe NOBEPXHOCTH KBaplla B COCTOAHHU Mpe- 
AeNbHOH THApataiun (9,9 »M/m?). PeruspatauuaA NOBepxXHOCTH KBaplla, MpoKa- 
JeHnoro mpH 1150°, npoucxoguT TakxKe HW NPY BbILepxKHBaHHU B apax BOJbI 
npu p/ps= 1. Kak Buyuo us usotepm 2 u 3 puc. 3, alcopOuua BOAL 3aMeTHO 
YBCIMYMBACTCH B PeSyJIbTaTe BbINepHKUBAHHA B NapaX, UTO yKa3bIBaeT Ha Yac- 
THTHO® BOSpORMEHHE THAPOKCHOB Ha NOBepXHOcTH. OHakO mpomecc perny- 
PaTalui MPH BbIep%xKUBaHHM B MapaxX He 3aKaHUMBaeTCA, U WIA ero 3aBepre- 
HUA TpeOyerTcH Oonee DHTebHOe BpeMA, a MOXKeT ObITb, HW [pyrue ycoBusA.. 
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M3 mpuBexeHHbix B HacTOsUel padoTe pesyJIbTaTOB culeqyeT, UTO HeOOXO- 
AMMO OCOOeHHO OCTOPOXKHO NOAXOAUTh K OMCHKe KOIMYECTBA FHAPOKCHJIOB Ha 
“MOBepXHOCTH KBaplla NO JaHHbIM TePMHYeCKON AeruzApatalun. Habsmrojaroureeca 
‘TIPH NpOKaJIMBaHHU KBaplla BbIAeNeHHe BOJOpOAa MpeAcTaBdiaeT HHTepec Cc pa3- 
HBIX TOUCK 3PeCHHA H 3aCJIyKMBAeT CIelHaIbHOrO paccMOTpeHHaA. 

Axstop BbipaxkaeT mpH3HatTembHocth M. M. JlyGnnuny u A.B. Kucesesy 3a 
“MHTepec K paOore u E. B. Kopomasbau 3a yyacrue B M3MepeHHsix. 


WUuctutyT XuMHH CHIMKAaTOB Tlocrynuso 
Axkajlemunu Hayk CCCP 10 VII 1958 


UWMTHPOBAHHASA JINTEPATYPA 


Fo Wem 'O pies, a Koll Zs. 145ml (1900); "22C- eT. JK 1a uOB, A. BD. Kwces 
Pere, KOM ol, 29a M a 2S. Pin ater De Zeikca mt mo. Geli. Ww ei sre) 
Canad. J. Chem., 34, 1483 (1956). * W. Engelhardt, Nachr. Akad. Wiss. Géttingen, 
|Math.-Phys. KI., 3, 43 (1944). ®° JI. W. Beaaxosa, O. M. Lwurut, A. B. Ku- 
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PH3BHYECKAA XHMH 9 


tO. M. MOJIYKAPOB u B. B. BOHJAPb 


3ABHCHMOCTb CTPOEHHA MOBEPXHOCTH IJIEKTPOJIVTHUECKUX 
OCAJKOB CIIJIABOB OT HX PASOBOLO COCTABA 


(ITpedcmaeaeno axademuxom A. H. Ppymkunoim 14 VII 1958) 


K HacToAUleMy BPeMeHH HaKOMIeH OOWHPHbIN MaTepHaJl 0 dJIeKTpoocak: 
J\eHu10 cmviaBoB. Cieqyer, OHaKO, OTM€THTb, YTO OCHOBHOe BHHMAHHE B Uccye? 
NOBaHHAX ObIIO OOpallleHO Ha OTbICKAHHe pa3JIM4YHOrO pOa YCJIOBHH 3JIEKTPO) 
JIM3a, MPHBOAAWLMX K CoOocaxKJeHHIO MeTaJJOB. BAMAHMIO CTPyKTYPHbIX dak’ 
TOPOB M XapaKkTepy B3aHMOJeHCTBHA KOMMOHEHTOB IIpH OOpasoBaHHU CI/aBal 
B SHAUHTeIbHOH CTeMeHH ONpeeAIOMLMX CPH3HKO-XHMMYeCKHe CBOMCTBa M10) 
KPbITHA, YAeIAIOCb MasIO BHMMaHHa. 

Matep u ®uaaunc (1) uccieqoBasIM BIIMAHHe Pa3JIMYHbIX MeTAJJIOB IPH Hs 
coocaxKCHHH C MefbIO B IMaHHCTOM pacTBOpe Ha cTpoeHve oOpa3yrorlerocs 
-ocalKa; pH 9TOM aBTOPbI YYHTHIBaIM XapakTep B3aHMOJeHCTBUA KOMMOHEHTOB3 
MCXOJA H3 JaHHbIX MarpaMM paBHoBecusa. Bmecte c TeM B pAe UccleqoBaHull 
(°) ObuIO MOKa3aHO, YTO OOpasyioulvecA MPH IICKTPOKPHCTaAIIM3aHH OcayKs 
110 CBOeMY (ba3OBOMY COCTaBy YaCcTO OTJIHYAIOTCA OT CTPOeHHA, Spee 
ro Ha OCHOBe J[MarpaMM COCTOAHHA 39THX cHcTeM. B uacTHOCTH, AIA cmaBo 
3BTCKTHYeCKOrO THMa Oba yCTAaHOBJIeHa BO3MOXKHOCTh OOpa30BaHHA CHJIbH 
MI€PeCbILIeHHBIX TBeEPAbIX pacTBOpoB. PesyJbTaTbI HaCTOAMero HUcceOBaHy 
n0Ka3aJId, UTO OOpa3s0BaHHe HepaBHOBeCHOH (ha3bl MepecbilleHHOrO TBepsOr 
pacTBOpa CBA3aHO C CHJIbHbIM H3MCHEHHEM HM B CTPOCHHH MOBEPXHOCTH Ocak 

Jia Toro 4TOObI CBECTH K MHHHMYMY BJIMAHHe MOOOUHBIX (PaKTOPOB, Tak 
‘CKA3bIBaIOWIMXCA Ha CTPOCHHH MOBEPXHOCTH OCAaKOB, ObWIH BbIOPaHbl MeTAaJIJIbi 
NOSBOJIAIONIMe MPOH3BOAMTb MX COBMeCTHOe OcaxKenHe Oe3 MoGaBeHuA | 
PacTBOp MOBeEPXHOCTHO-aKTHBHBIX BeIIeECTB WIM KOMIMJIeKcOOoOpas0BaTeeli 
OHO U3 HaHOoulee NOAXOAAUIMX JIA ITOH WeH OKasalacb CMCTeMa Meb — 
_BUCMYT. | 

Ilo qanupmm Pay6a (*), mpn coocaxgenun Cuc Bi uz xaopHoKucapi) 
QJIEKTPOJIMTOB Me€TaJWIbl KPHCTAaJJIH3YIOTCA Pa3jJleIbHO B COOTBETCTBHH C Hai 
rpaMMoH cocTosHuA. BMecte c TeM, HCXOAA M3 NpelcTaBJleHHH, pa3BuBaeMbIi 
B HameH JaOopaTopuH (*), H JWI STO CHCTeMbI B OMpeeCHHbIX YCJIOBHAX MC 
*KHO ObIWIO OKULAaTh OOPasOBaHHA MePeCbILeHHLIX TBEPAbIX PaCTBOPOB BUCMYTY 
B Mequ. JleHcTBuTeIbHO, pH Hcnomb30BaHHH pacTBopa Cu(ClOas)2 0,6 
Bi(ClOa)s 0,4 NV, pH0,6(pactsop I), Opt nowyueH cmviaB, coqepxKamni (bas 
Me€peCbIuLeHHOrO TBeporo pacTBOpa BHCMYTa B MeJH, C COOTBETCTBYIOULHM a 
JIMYCHHEM TapaMeTpa peUIeTKH MeAH TO BeNMUMHbI NOpAaKa 3,635—3,645 Aj 
‘Coep2kaHe BUCMYTA B TBEPJOM PacTBOpe POCO C NOTHOCTHIO TOKa H , T10 1aHt 
HbIM PeHTTeHOrpaduyeckuX u3sMepeHHH, AocTuraso 12 Bec. %. IIpu qanbHeny 
I€M NOBbIMCHHH MWJIOTHOCTH TOKa BO3PaCTaHHe MePecIIeHHA MPUBOMIO | 
CTOJIb 3HAYHTCIbHOMY HapylleHHIO pelleTKH, YTO JIMHMM Ha peHTreHorpammi 
coBepmieHHO ucuesaH. Ilo JaHHbIM XHMMYeCKOTO aHasu3a, BUCMyTa B cnaB) 
cojepKasl0cb Bcerya OOJIbIUe, YEM STO BbITeKAJIO H3 WAaHHbIX yBeMYeHUA Mapal 
MeTpa pelleTKH MeQH, OMHAKO KaKHX-JIHOO MHBIX JIMHHH, KpOMe sIMHHH Meu) 
Ha PeHTTeHOrpaMMaxX He OpllIO OOHapyxkeHO. Ha nogo6uoe aBeHHe yKa3bIBa, 
PayO Jia cucTeMbl cepe6po — WHHK (°). | 
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Puc. 1. Crpoenve MoBepxHOocTH 9JICKTPOJHTHYeCKHX OCaXKOB MeJM H CIIIaBa Mefb — BHCMYT, 

NOJIYYeHHBIX H3 pacTBopa, cosepxKamtero Cu (ClO4)2 0,6N, Bi(ClOq)3 0,4, u ocaqka BucmytTa 

M3 XJIOPHOKHCJI0ro pacTBopa. A — 4NCTad Mejb, MapaMeTp MeAH Ac, = 3,608 A; 5 — cnnas 

Mefb — BucmyT, 70% Mequ, ac, =—3,619A; B—cnnaB megzb—sucmyt, 50% mem, 
Qc, = 3,635 A; F — unctpiit BucmyT 


Puc, 2, CrpoeHve moBepxHocTH ocayKa Puc. 3. CrpoeHue moBepxHocTH ocayKa 
cmulaBa Me€b—BHCMYT, MOJyueHHOrO cmmaBa Melb — O0BO, MOJyyeHHOrO M3 
M3 pacTBOpa, cofep»xaritero Cu(ClO4)2 CepHOKHCJIOFO IEKTPOMHTA Ac, =3,700 A 


0,2N, Bi(ClO4)3 0,8N. CoctaB cmaBa: 
Mefb 70%, BucmyT 30% 


JIAH, 7, 123, Ne 4, Tlonykapos un Bonpapb 


V3 pue. 1, rye npupeyeuni 3JIEKTPOHHO-MUKPOCKONHYeCKHe CHHMKU MOBepXx- 
HOCTH OCAAKOB CIWIaBOB C Pa3JIMYHBIM COXePKaHHeM B HUX BUCMYTa, BUHO, UTO 
€ POCTOM II€pecbIlleHHA TBEpLOro PacTBOpa MOBEPXHOCTS OCaKa CTAaHOBUTCA 
Ooulee riaqKOH WM Mp 3HayHTeIbHOM nepecbileHHu — 6ecrauen. 

_ Ocaiku, BOSHUKaIOlHe 43 PaCTBOPOB, B KOTOPbIX OTHOMIeHHe KOWMUeCTBa 
BUCMyTa K KOJIMYeCTBY MeJM ObWIO 3HAYNTeENbHO Combe, vem B pacrtBope I, 
a MMeHHO: Cu(ClOa)2 0,2 N, Bi (ClOs)s 0,8 NV, pH 0,6 (pacrsop II), mpegcras- 
JAH COOOH CMeCb YHCTHIX KPHCTaJVJIOB Mequ u Bucmyta. Ha puc. 2 mpuBemena 
cpoTorpapux moBepxHocTH OcaqKa Toro xe cocTaBa, UTO 1 MpelcraBueHHDLi Ha 
puc. | 5, ofvuako nomyyenHoro us: pacrsopa II. 

SaBHCHMOCTb CTpOeHHA OCayKa cilaBa OT ero cpa3z0Boro cocraBa NOJTBep2xK- 
WacTcA WH WAHHbIMH, NOJIYYCHHBIMH MPH UCCJeOBaHHH CnaBOB Melb — OJIOBO 
H OJIOBO — CBHHEIL. 

Ha Bo3MOxkHOCTb OOpa30BaHHA MEPeCHILCHHBbIX TBEPJbIX PaCTBOPOB ovIOBa 
B Meu (40 14—16%) npu nomyyeHuu sTOrO cMaBa M3 WHaHUCTEIX pacTBOPOB 
ykaspiBaiH Jleiuep (*) u Pay6 (’), npu stom nocaequuii nowlarad, uTO O6pa3o- 
BaHHe MeCPeCbIMLeHHbIX TBEPAbIX PACTBOPOB BO3MOX%KHO TOJIbKO B YCJIOBHAX, KO- 
Pla NOTeHIMaIbl paspAa MWOHOB COVJIMYKEHBI C MOMOLLbIO KOMMIeKCOOOpas3o- 
BaTeJleH HM MOBEPXHOCTHO-aKTHBHbIX BellecTB. HecocrosTesIbHOCTb 3TOH TOUKH 
3peHuA OblIa MOKa3aHa B Oosee paHHUX padoTax Halueli Ma6opatopun (4,8). Jen- 
CTBUTCJIbHO, IPH IICKTPONM3e pacTBOpa, coxepmKamero CuSO4-5H2O 25 r/a, 
SnSOs« 75 r/a, HeSO« 100 r/a, copmecTHbIt pa3spa, HOHOB HacTynaeT mocae Jo- 
CTMXKeHHA Wpefelbuoro ToKa no Meu. IIpu sTOM BO3HHKaeT CHJIbHO mMepecsi- 
I€HHbIM MO CpaBHeHHIO C AMarpaMMOH paBHOBeCcHA TBEPAbIM PacTBOp. SHaue- 
HHe MapaMerpa pewierkH Megu JocTurano 3,745 A, uro cOOTBeTCTBOBaJIO KOH- 
We€HTpaluH OJIOBa B TBEPAOM PacTBOpe OKOJIO 22 Bec.% (cormacHO AHarpamme 
PaBHOBe€CHA PaCTBOPHMOCTb OJIOBa B MEM IPH KOMHATHOH Temmepatype He mpe- 
Bpiaer 1% (°)). 

Ha puc. 3 mpuBogutca cdboTorpapuA NOBepXHOCTH OCalKa civIaBa Medb — 
o10BO. OcajloK ObIJI MIOTHBIM H MeJIKOKpHCTaJIIMYeCKHM, HeECMOTPA Ha TO, 4TO 
coocaxKJI@HHe Me C OJIOBOM MpOHCXOANO B YCJOBUAX pa3pxayja HOHOB MeqH 
B pexKuMe MmpexembHoro udpy3HoHHOrO TOKa. 

Ilo qaHHbIM peHTreHorpaduyecKuXx HcculeqOBaHHH, pH MOyYeHHH cMwaBa 
OJIOBO — CBHHEeIL 43 pacrBopa, coxepxarmero Sn(C1O.)2 0,8 NV, Pb(C1O4)2 0,2 N, 
HC104 1N, ne Ha6sofasocb O6pa3s0BaHHA MepecbIeHHbIX TBEPAbIX PaCTBOPOB, 
uUTO HaXOJHTCA B COOTBeETCTBHH C JlaHHbIMH OosIee paHHUX UccueqoBaHHi (1°). 
OcajlOK HMeJI KPyNHOKpHcTaIMyecKoe CTpoeHHe. 

Ha OcHOBaHHM MpOBeZeHHBIX HCCIeJOBaHHH MOYKHO 3aKJIIOUNTb, YTO OOpa- 
3OBaHHE MepeCbIII[eHHbIX TBEPAbIX PaCTBOPOB OKa3bIBaeT CYILCCTBEHHOE BJIMAHHE 
Ha CTPOCHHE 9JIEKTPOOCaKaeMbIX CNIaBOB, CMOCOOCTBYA BO3HHKHOBCHHIO MeJI- 
KOKPHCTaJIJIMYeCKHX OCaKOB. TakHuM 00pa30M, BOS3HHKHOBCHHE M@JIKOKpHCTall- 
JIMUCCKHX H OJIECTAUIMX OCAKOB CMIaBOB MOXKHO OKHAaTb B TOM CJIyuae, Kora 
3JIEKTPOXUMUYeCKHe ~yCJIOBHA cmocoOcTBy!oT OOpa30BaHHio — MepeCcbillleHHbIx 
TBeEPIbIX PACTBOPOB, a MexKy PpelleTKAMM COOCAKMaIOMMXCA METAIJIOB HET 
Ppa3MepHOTO HM OPHEHTAaMOHHOLO COOTBETCTBUA, BCeAcTBHe Yero OOpas0BaHHe 
sapombuuel cpasbr Ooslee OTPHILAaTebHOTO MeTaJa 3aTPyAHEHO (a 

Vuctutyt dusvueckol XHMuH Toctymua0 

Axayemuu HayK CCCP 21 VI 1958 
UMTUPOBAHHAA JIMTEPATYPA 

LW R: Meyer, 'A. Phillips, -Trans: Electrochem. Soc., 73, 377 (1938). 
2 —. Raub, Metalloberflaiche, 7, 2, 17A (1953); T. Banarjee, Symposium on Elect- 
roplating and Metalfinishing, 1952, p. 29. 3 E. Raub, Zs. Erzbergbau u. Metallhutten- 
wesen, 5, 4, 153 (1952). 410. M. Tlonykapos, K. M. TopoOy HoBa, MKOX, 
mo (1958). -° EB. Raub, Bes Wu llhorst, Metallforschung, 38, 41 (1947). 
y Il. HW. Jlatuep, CoOopx. MerannopeqeHue UBeTHBIX METAJLIOB H CIAaBOB, B. 12, 70 (1950). 
7F. Raub, F. Sautter, Metalloberflache, 11, 8, 249 (1957).. ® 10. M. Tlowy- 
kapos, K. M. Top6yuosa, KX, 31, 871 (1956). 2 C. T. Kono6ees- 
ckuit, B. Il. Tapacosa, K®X, 9, 681 (1937). 0 7... JIatuep, Jnccepraunus, 
M.. 1943. Un. O. Dauxos, Tp. 2-f Kondep. mo KopposMu MeTav0B, 4. II, Vaz. 
AH CCCP, 1943, erp. 121; TI. . Lauxos, K®X, 20, 853 (1946). 
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PH3BHTECKAH XHMHA 


Axayemuk Buxt. VW. CIMUbIH u B. B. TPROMOB 


BJIAAHHE PAJXMOAKTHBHOCTH CYJIb®ATA BAPHA 
HA EO COPBILMOHHbIE CBONMCTBA 


PayMoakTHBHOe H3JIyYeHHe MOXKeT BbI3bIBATb B TBEPbIX TelaxX pa3HooO- 
PasHble H3M€HEHHA, CBOAALLMeCsH BOCHOBHOM K TEM HJIM HHbIM HapylleHHAM UX 
KpucTaslIMueckoH pewerKh (') H K BO3HHKHOBeCHHIO 3JIEKTPHYeCKUX 3apAOB 
Ha noBepxHocTH (7). STO WOJKHO B CBOIO OUepeb BJIMATb Ha (PU3HKO-XHMH- 
yeCKHe CBOHCTBa TBEPbIX Tel HW, B YaCTHOCTH, Ha CKOPOCTb peakIHH H3OTON- - 
Horo O6MeHa B reTeporeHHbIxX cuctTemax (%), KaTaJINTHUeCKy!O AKTHBHOCTD ('), | 
COpOIMOHHBIe Mporeccbl H Apyrue aABsenusA (°). 

ApropaMH JlaHHOrO COOOUICHHA H3Y4eHO BJIMAHHe pajMOaKTHBHOCTH Ha 
COpOIMOHHBIe CBOLicTBa TBepJbIX Te. B KayecTBe CopOeHTa Obi BbIOpaH XOPOLIO 

HcCJIeOBaHHbIN paHee cyJib(baT OapHaA 
Ta6auna 1 (°8), M3yyanacb aycop6uHva Ha HeM 


XapakTepucTHKa UCMOJb3OBaHHBIX OCaQKOB 3 BOJ[HbIX paCTBOPOB KHCJIOTHOFO OpaH- 


BaSOg *%KeBOrO KpacuTeas (opanK AT2B) 
ah ae ae (Cy¢H110,N,S) Na wu JBYyX OCHOBHEIX | 
Ne nmpenapata BepXxH., M2/P THBH., MCU/P KpacCHTeJIEH —- Me€THJICHOBOTO rosly6oro 
(C,gH,sN3S) Cl u 6puamuanTa 3eneHoro 
(C,,H3,N.)Cl. Mcrounukom pajMoakTHB- 
1 0,74 0 HOrO H3JIYYeHHA CJlyKUIa S*®, BBOUB- 
: oes ne IWaxAca B CybdaT Capua pH ero ocaxje- 
4 0.78 rt HHH. S®*> uciycKaeT TObKO B-4acTHILbI C 
: tae a MaJio sHeprHed (E yaxe=0, 169M 3B) nume- 


eT JOCTaTOUHO OOJIbWIOH NepHoy noy- 
pacnaya (71, = 87,1 Ha). Kak u3aay- 
yaTesib OHA OOJaqaeT PAROM MIPeHMyllecTB: NO3BOJIAeT paOoTaTb c mpenapa- 
TaMH OOJIbLIOH yeIbHOM AKTHBHOCTH TPH MHHMMAJIbHOW 3alllHTe; ee U3yye- 
He MOUTH NOJHOCTHIO NOrMoMaeTcCA BHYTPH OcagKa BaSO.«. Kpome toro, jelt- 
CTBHE H3JIyYeHHA Ha XHAKYIO (Pasy OKa3bIBAeTCA HE3HAUMTCJIbHBIM, TaK Kak — 
pactBopumoctb BaSO4 MaJia M KOJMYeCTBO palMOakTMBHOH cepbl, nomalla- | 
jolleH B PacTBOP, HEBEJIMKO. 

IIpenaparst BaSO, rorosusucb no Komptropy (7) u Pytrepcy (8). Topauue | 
0,1 N pacrBoppt BaCl, u Na,SO,, cogepxxamero onpeyemenHoe KOmMueCTBO S35, 
CJIMBaJIMCb C OMHAKOBOM CKOpocTBIO (B TeyeHHe 30 muH. 0 200 ma oG6onx. 
pacTBOpoB) HpH NepeMeliMBaHHH. SaTem MepemeliMBaHve mpoyom«KasocD | wae 
Mp HarpepannH yo 70—80°. Ilocae storo ocayKu OTcTaMBaICcb B MaTOUHOM 
pacrBope 16 uac. Jlanee npou3Boqusoch ux OTMBIBaHHe OT HoHOB Na’*, Cl u Ba2*, 
TaK KaK COJIb OapHaA OOaBsAIaCb C HeKOTOPbIM H3O6bITKOM, UTOObI B pacTBope 
OCTaBaJlOCb KaK MOMHO MeHbIe payHOaKTHBHbIX aHHoHOB SO}. B 3aKksmiouenve 
ocak [BaxKbI TIPOMbIBaJIHCb STHJIOBbIM CIIMPTOM HM CYIWMIMCbh IpH Temmepaty- 
pe 80—100° qo nocrosHHoro Beca. XapakTepHcTHKa MOJLyYeHHBIX OCa{KOB NpH- 
BejleHa B TaOa. 1. 

Y [@JibHaw MOBeEpXHOCTb ocayKoB BaSO, onpeseauacb BH3YaJIbHO-MHKPOCKO- 
MMYecKHM MeTOOM (yBemMueHHe 1350 x). Hlonyuennpie pesynptaTbl xOopouio 
corlacyioTcH C JJaHHbIMH, NosyyenHpimay Pytrepcom (8) Takum 2#xe cnoco60mM U 


QJIEKTPOHHO-MHKPOCKONMYeCKHM MeTOJOM, a Tak>ke pH usyyeHHH NormonjeHud 
pasJIMUHbIX KpacuTeseH OcaqKoM BaSOQ, (’,8). 
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Metoauka HaliMx SKCepHMeHTOB Oba clexyiouleli: 3 r ocaqKa mpu TeM- 
epatype 25 + 0,5° BerpaxuBasucb B TeueHHe 4 uac. c 15 ma pacTBopa Kpa- 
ATE JIA COOTBETCTBYIONLEH KOHWeHTpalluH. Ilocie storo onpexenaoch comep2Ka- 
M€ KpacHTeJIA B XHKUAKON (hase CNEKTPOPOTOMETPHYeCKUM METOOM C MOMOLLbIO 
puoopos C®-4 u CO-2M (nocnezHnit nosBomser paOoraTh Ha MaKCHMYMe CBe- 
ONOTVIOULeHHA). Ourmm6ka u3MepeHuit se- 
asia B mpegemax 3—4%. IIpeqpapuresb- 
bIMM ONbITaMH ObIJIO yCTaHOBJIEHO BDpems, 
COOXOJHMOEe JIA YCTAHOBJICHHA PaBHOBe- 
AA MEK TY TBEPOH WU KUAKOUW (basaMu, OHO 
SBIUHO He TpeBbriasmo 1 uaca. Konwex- 
DaIlHA KPACHTeJIA U3yYaIach BMpeselax 
r 10 70 200—250 mr/a. PacrBoppi Xapakte- 
M3O0BaJIMCb CJICAYIOUIMMU 3HaveHUAMH pH: 
HCJIOTHBIM OPaHKeBbi 5,5—5,8, MeTuse- 
OBbIN rouyoou 6,2—6,9, 6punMaHT 3eue- 
bit 3,9—4,6. 

PesyJIbTaTbl MPOBeeHHOTO Uccs1eOBa- 
(MA TOKa3aubr Ha pu. 1, 2 u 3. Bee qan- 
bI€ MOJYYeHbI W3 TpPeX MapadJIeJIbHbIX 30. 100 ‘150 mala 
MbITOB. OrTksIOHeHHe OT cpeqHero He Pabuobecnan konuenmpayua 
peBbiualo 5%. Bio ycTaHOBJIeHO, YTO ApacumeaA 
anOoylee CHJIbHO NorsoulaeTcA OCaQKOM Puc. 1. Cop6uua merumenosoro rosy 6o- 
aSO4 KMCJOTHBI OpaHKeBbili KPAaCHTEIb; — 14 ocagxom BaSO, paanuuHolt ynembuol 
rO COpOUMA Ha NOpAOK BHIUe, YEM OC-  axruBHocru. / — HeaKTHBHBIi ocaJoK; 
AJIbHbIX H3YYeCHHBIX KpacuTeneH. Merune- 2—0,01 mCu/r;3— 0,1 MCu/r; 4— 
OBbIi romyGol copOupyercax HeckobKO — | MCU/r; d—4MCu/r; 6 — 10 mCu/r 
OJIbIUe, 4eM OPHJIIMaHT 3eJICHbIi. 

CnelyeT OTMETHTb, YTO BeJHYHHA COPOMHMH OGOMX OCHOBHbIX KpacuTeseit 
ajlaeT C YBeIM¥eHHeM yJleJIbHOH paMOakTHBHOCTH cysbiata Gaps. OcaloK 
aKTHBHOcTHIO 10MCu/r xapakTepH3yeTcA COpOMHOHHOM eMKOCTbIO MO MeTHJIe- 


Sy 


40 


JO 


Noenoweno kpacumena Ha le copberma 


8 7 
S 3500 
? x 
S 
% 
~ 
S y 
3 7 = 00 
Sy S 
S§ S 
S$ 4 S 
S S 
2s 
SL 0 2 00 
Sy S 
3= 8 
~ Og S Sa —_1—_—__1 
50 100 150 mefn S 5 190 150 LOO mefn 
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uc. 2. Cop6unsa OputManta s3en7eHoro Puc. 3. Cop6uya KkucnoTrHoro opaHxeBoro 
: BaSO - 
a An eee orca ocamqkoM BaSO, pa3MuHOli yebHOM aKTHBHO- 


ctu. O6o3HayeHHA cM. pue. 1 
oBomy rowyOomy, paBHot 15 y/r (HeakruBubii 50 y/r), m0 OpuimHaHTy 3eue- 
omy 20 y/r (HeaxTuBHEIi 30 y/r). Hanporus, copOuua KucIOTHOrO OpaHxKe- 
Oro BO3pacTaeT C YBeJIHYCHHEM payMOaKTMBHOCTH pemapata BaSOs. IIpu 
KTHBHOcTH 10 MCu/r cop6uMoHHaa eMKOCTb OcayKa cocTaBuiaeT 455 \/r (He- 
KTHBHbIM 380 y/r). Ha puc. 4 noka3aHa 3aBHCHMOCTb BeJIHYMH copOluu 
pacuTejleH OT yjeJIbHOH payuoakTuBHocTH BaSO4. J[ia MerTuueHoBoro TFo- 
yOoro B mpexentax axTuBHocru 0,01—10 mCu/r cop6mMoHHaaA eMKOCTb JIM- 
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HeHHO 3aBMCHT OT JOrapHdMa yeJibHOM akTHBHOCTH BaSOa. aa Opusmanty 
3eIeHOrTO peskoe MaseHHe BeMYMHbI COpOMMH HaOsIOMaeTCH B MHTepBadt 
akTHBHOcTH copdeHta 0,01—0,1 mCu/r, fasbHeHuiee NOBbIMIeHHe yebHO) 
pafMoakTuBHocTH ocayka 0 10 MCu/r He BbI3bIBAaeT CYUIECTBEHHOTO NOHUKE 
HHA e€rO COPOWMOHHOH eMKOCTH. | 
Bo3sHukKasl BOMpoc, He ABJIAeTCA JIM YMeHbIUeHHe aJcopOlMH U3y4eHHbIl 
OCHOBHBIX KpacHTeJel Ip BO3paCTaHHH palMOaKTHBHOCTH CopOeHTa KaxKYILMM 
CA, H€ 3aBHCHT JIM OHO OT MX OOeCIBeYMBaHHl 
7 nox elicrBuem u3uyuenua. [ian mpoBepKs 
J MOAOOHOTO MpeANOORKeHuA ObWIH MOCTAaBJIE 
HbI CM€WWaJIbHBIe ONbITHI. K pacTBopy. Kp& 
CHTeIA OOaBIAJICA MeC4eCHBIM cyJbdaT Hay 
Pua, aKTMBHOCTb KoToporo no S*> B 10; 101 
u 500 pas mpeBpuulala © coxep»Kanne Shee || 
XKHKON (pase Hayl ocalKoM BaSO, ¢ yesIbHO} 
akTHBHOcTHIO 10 MCu/r. Uepes onpedeseHHbb 
MIpOM@XKYTKH BPeMeHH KOHWeHTPallvA Kp 
CHTeIA = IPOBepANaCb CHeKTPOPOTOMeTpPHyE 
CKUM MeTOJOM. Oxka3aJIOCb, YTO B3ATHIC KPa 
a CHTeIH YCTOHUMBbI K eHCTBHIO B-H3JI 
yeona S®° B. peueHnHe 40—50 uac. jaa 
mpH KonWeHtpawuu S* yo 8 mMCu/a. Taxa 
KOHWeHTpalua S®° HaMHOTO MpeBbIllaeT 


, Mlozapugpm ydenbyou cojepxaHHe B H3yYYeCHHbIX PpaBHOBECHb!] 
axmubHocmu Bas, 
pacTBopax. 


Puc. 4, Banaune axrasnocta BaSO, Kpome TOO, PaBHOBeCHbl€ PaCTBOPbI Kpa 
Ha cop6umio KpacuTenell. | —merv- CHTeeH Hak oOcalKaMH cyvibtpata OapH} 
weHopblit romyOol, 2 — OpuwiMaHT yyenbHOH akTHBHOcTH 10 MCu/r BcTpAXUBA 
seneHbiit, J—KHCHOTHBIH OPaWKEBPIH = AyCOR He 4 yaca, KaK 9TO JealOcb OOBIUH 
a 16 uw 32 uac. Oxka3alocb, uTO HM B_ 9TE 

culyuae OTCYTCTBYIOT Kakhe-JIHOO JlaJIbHeHIIMe H3MCHCHHA KOHIeHTPpalluu Kp 
cuted. TakHM OOpa30M, B HalJHX OMbITaX H3MeHeHHe copOlun KpacuTese 
ocaKaMUW cyJIbtpbata OapHA pa3sHOH yeubHOH aKTHBHOCTH HeJIb3A Mpunucat 
paspyllueHHio KpacuTelA TOM ReHcTBueM u3ay4ueHHa S*, 
OueBuAHO, B XKHAKOH tase OTCYTCTBOBAIH TakxKe OULYTHMbIe XHMHYUECCK? 
WJIM palMallMOHHO-XHMMHMYeCKHe H3MCHECHHA, KOTOPbI€ MOFJIM Obl MOBJIHATb +} 
yCTOHUMBOCTb KpacHTeJeH HH BeIMYHHY UX alcopOuuH. STO MHeHHe NOATBE; 
*KaeTCH TEM, UTO 3HaYeHHA BeEMYMHEI PH AA paBHOBeCHbIX PpacTBOPOB B Mmpé 
jenax OWHOKU H3Me€PeHHH He H3MECHSJIMCb MO CpaBHEHHI0 C HCXOQHBIMM PpacTBC 
paMu KpacuTewen. 
Mobi npeqnoslaraem, YTO O6Hapy2KeHHOe H3MeHEHHe COPOLLM KpacuTesel CBH 
3aHO C NOABJICHHEM MOJIOXUTeIbHOTO 3apsya Ha Ocaske paqvoakTHBHOrO cya 
(bata OapHa 3a CueT HeNpepbIBHOLO M3 y4eHHA UM B-4acTuL. OueBuAHO, BeHYUE 
STOrO 3sapsaya BOSpacTaeT C YBeMHUeHHeM YAebHOM AKTHBHOCTH OcaKa. B Ta 
KOM CJly¥ae Ha pavOaKTHBHOM COpOeHTe, ABJIAIOULEMCA B-H3JTy4YaTeJIeM, OCHO 
HOH KpacHTeJb, OOsaaloulHii OKPaleHHbIM KaTHOHOM, JOJKeH COpOUpoBaTbG 
Xy2Ke, a KUCJIOTHBIM KPaCHTe/Ib C OKPallI€HHbIM AHHOHOM JIy4Ue, YeM 9TO TIPON4 
XOQMT B IIpHCyTcTBHH HepalMoakTMBHOrO copOeuHta. Iloqo6Hy!Io KapTHHy W 
M HaOJOJaH B OMMCaHHbIX BbIINe OMbITaX. 


UnctutyT dusvyeckoli xumun Iloctymna10 | 
Axajlemuu Hayk CCCP 25 VII 1958 
LHMTHMPOBAHHAS JIATEPATYPA 
'G J. Dienes, G. H. Vineyard, Radiation Effects in Solids, N. Y.— Lo| 
don, 1957. 2 P., Curie, Wi Gabbiewa@, Cu) IRa. BO). 647 (1900). 3 Buxt. H. Cnuul bl 
W. E. Muxaitneuxo, JIAH, 121, 319 (1958). 4A. A. Bananaun, Bm 
HW. Cnouusn, H. M1. lo6pocenbekan, MW. E. Muxaitineuxo, JIAH, | 
495 (1958). ® Buxtr. H. Cnuupn, Was. AH CCCP, OXH 1958," 12945 eae 
Broucké€ére, Ann. Chim. Belg., 10, 92 (1933). 7M, Kolthoff, W. Mo Mol 
Wolethede Anis Chem. So¢., 59, 1639 (1937). § A. M. Rutgers, W. van. den H e 
vel, -Experientia, 11, Fase. 12, 481 (1955). | 
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1958. Tom 123, M4 


PHSHYECKAA XHMHA 
r. C. XOMAKOB u 9. P. MJTYLLMC 


O PACTBOPHMOCTH TOHKOH3MEJIBYUEHHOFO KBAPLIA B BOJE 
(ITpedcmaeaeno akademukom I]. A. Pe6undepom 25 VII 1958) 


HeceqoBaHve (pPH3NKO-XMMHYECKHX CBOMCTB TOHKOM3Me@JIbYCHHOrO KBaplle- 
oro MeCKa HM, B YaCTHOCTH, efO PacTBOPHMOCTH NP KOMHATHOH Temmepatype 
PpefcTaBlAeT HHTepec AIA MOHAMAHHA MeXaHH3Ma TBeEPNeHHA H3BECTKOBO-nec- 
AHbIX BARKYULUX (',”) H POM TOHKOMOJOTOFO NecyaHOro 3aNOJIHUTeA B MOBEI- 
(eH MpouHocTH OeToHoB (*). Takue vucceqoBaHua MOryT TaKxKe OKasaTbCsA 
OJIEZHbIMH IPH H3yYeCHHH M€XaHH3Ma H3MeCJIbYeHHA H JIA MOHAMAaHHA TeX Mpo- 
€CCOB, KOTOPbI€ COBEPlalOTCA C H3MEJIbYaeMbIM BeLLCCTBOM B IOMOJIbHOM Ka- 
epe. OjHako, Kpome oOcTosTesbHOrO uccueqoBaHHA JJemncrepa u Puun ('), 
OUTH OTCYTCTBYIOT PaOOTHI, MOCBALCHHbI€E H3yYeHHIO BJIMAHUA Mmpollecca u3- 
(eJIbUeCHHA Ha CPH3HKO-XHMHYeCKHE CBOMCTBa KBaplla, OCO6eHHO B OGulaCTH 
BICOKOH JUCMepCHOCTH. ITO OObACHAeTCH Kak HOBH3HOM MmpakTHyecKorO HC- 
(OJIbSOBaHHA TOHKOMOJIOTOrO KBapIleBOrO TeCKa B MPOMbIIIIIGHHOCTH, TaK H 
PyMHOCTAMH J\HcnepcHOHHOTO aHasH3a B O6acTH pasMepOB uacTHIL B JOM 
[HKpOHa H MeHEE. 

B nactosueh padote uccJieloBaslaCb PaCTBOPHMOCTb KBaplleBbIX MOPOLIKOB 
UCTHJIJIMpOBaHHOH Boe. HeoOxogumple Avia UcCeOBAHHA MOPOWIKH MpHro- 
OBJIAJIHCb TYT€M H3MCJIbYCHHA B BHOPOMeJIbHHLEe CYXHM CnOCOOOM KBapILeBO- 
o mecka JloOepeyKoro Kapbepa. II]pofosKuTenbHOCTbh H3MeJIbUeCHHA OblvIa 
puuata B 2; 4; 8 u 16 mun. JucnepcHocTb HccwleqyeMbIX MOPOLIKOB OLeCHHBAa- 
lacb M0 BeJIMYHHE HX YebHOH NOBePXHOCTH, ONpeeABLIeCHCA MeTOXOM 
M3KOTeEMMepaTypHOH ajcop6unu asora (°,°), 4 OKa3aslacb JIA BCex HccuJleqye- 
[bX poO paBHoH 7—9 m?/r, uTO cCooTBeTCTByeT CPpeAHUM pasMepaM YAaCTHIL 
ipuMepHO 0,3 }Y. 

KomuuecTBo KBaplla, COepxKalllerocad B PpacTBOpe, H3MePAJIOCb POTOKOJIOPH- 
ACTPHUCCKUM MeTOJOM (“), CYULHOCTb KOTOPOTO 3aKJIO"aeTCA B TOM, YTO IPH 
;33AUMONeCHCTBUM KHCJIbIX PaCTBOPOB KP€MHEBOH KHCJIOTHI H MOJIHOaTa AaMMOHHA 
\OpasyeTCA XKeJTHI KPCMHHH-MOJHOCHOBbIN KOMIMVICKC, OTBEYAIOUIMH COCTaBY 
{alSi(MosO10)4] -xH2O. >Keutprii Kommsiekc 3aTeM BOCCTaHaBJIHBaeTCA JO 00- 
)A30BAHHA KPCMHHH-MOJIMOZeEHOBOH CHHH. UyBcTBHTeJIbHOCTh 3TOrO MeTOosa 
jocruraer | mr/a. 

VismeybyueHHble mopoliku BecoM 10 r NOMellaJIHCb B CTCKJIAHHbIC WHJIMHAPHI, 
AJIMBaIHCb 300 Mi QMCTHJIJIMPOBaHHOH BOAbI H BCTPAXHBaJIMCb Ha Me€XaHHye- 
KOH MelIaJIKe B MpOJOJOKeHHe HECKOJIbKHX YacoB. B JasbHehwiem mpoObi xpa- 
iMIMcb 6e3 nepememmmBaHHa. KoHTpPCJIbHbIMH OMbITAMH ObWIO MOKa3aHO, UTC 
IEPHONMYECKOE MePeMCLIMBAHHe MPH JWIMTeIbHbIX CPOKaX XPaHeHHA He OKAa3bI- 
34€T CYILECTBEHHOFO BJIMAHUA Ha CKOpocTb pactBopeHHsA. ITpo6nr o6bemom 10 
0 cm? oT6upasucbh NHNeTKOH H3 BepXHeH YaCTH COCYAOB HU TULATeJIbHO WeHTpH- 
byrupoBasucb. Tloppmmenve TemnepaTypbl OTWeHTPHPyrupoBaHHorO pacTBopa 
jo 100° ne yBemuuHBaO COfepxkaHHA B HEM KPCMHEKHCJIOTHI, YTO yKa3bIBaeT 
1a OTCYTCTBHE 3AMETHbIX KOJIMYCCTB B3BeINCHHbIX YaCTHIL. 

Buauaune crekla cocyq0OB H KpeMHHA, COJepxauleroca B cTaJM (Moraato- 
Weli B MOPOLIKH 3a CUeT H3HOCA MEJIbHHILbI HM WapOB), Ha H3MepseMbIe BeJIMYMHB! 
‘OJlep2KaHUsl KPCMHEKHCJOTHI B PacTBOpe ObIIO YUYTeHO B OMbITaX, B KOTOPBIX 
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| 
BMeCTO KBaplleBOro NOpOWKa MpPHMeHsAJICA MOPOWOK KOpyHAa. Hovcoe a 
KOpyHa HW USMepeHNaA C HUM ObWIM MPOHSBeACHbI B aHaJIOTHYHBIX C K aa i 
YCJIOBMAX, a COJep2xKaHHe HaMOwIa CTAJIM B MOPOMIKe KOpyHAa SHauHTCJIbH i 
BpILIAIO COMepKAaHHe CTaJIM B KBaPUeBLIX MOPOWKAaX. OTH OMbITbI MOKasaiH, 
KOJIMYeCTBO KBaplla, mepelmley; 


Smo mero B pacTBOp B pesyJIbTaTé 
: pacTBOPeHHA CTeKJa COCY HOB k 
S 


3a CUeT pacTBOPpeHHA KPeMHHAl 
cojep2Kauleroca B CTaJIH, He 
mpeppuuaet 4 mr/a. Msamepe 
HHA, MpOBeseHHbIe C HeMOJIO) 
TbIM KBapIeBbIM M€CKOM, T0Kai 
3aJIH HHYTOXKHO MaJlyIO BeJIHI 
UHHY €fO pacTBOPHMOCTH, Hal 
0 20 30 40 330 60 Wcymok xonauyioca B mpeqemax U4yB3 
Npodankumensnocms pacmbopenua CTBUT@IbHOCTH MeToya. Cue) 
Puc. 1. Kuneruka pactsopenua Kpapuesoro neckas AYET OTMETHTb, YTO B NaHHON 
Bole mpu 20° npu pa3snHyHEIX MposomKuTeNbHocTax Cyyae Onpeleaach UCTHH 
U3MeTbYCHUA Had pPaCTBOpHMOCTb KBaplia i 
Boye, uTO OG6ycuOBeHO  BBI 
OpaHHbIM HAMM MeTOJOM H3MepeHHA COfep2%kaHHA KpeMHe3seMa B pacTBOpe (*)) 
Ha puc. | npuBexqeHbI KPHBbI€e KHHETHKH PacTBOPeHHA TOHKOM3MeJIbUCHHOTG 
KBaplleBoro mecKa B Bose. XO THX KPHBbIX NMOATBep*KAaeT OOPasoBaHHe 
HCTHHHOPO, a He KOON AHOrO pacTBopa. B MpOoTHBHOM cJITy¥ae MOMKHO ObWIO Ob 
OXKH]aTb YMeHbIIeCHHA H3Me- 
PHEMBIX BeJIMYHH PacTBOpH- 
MOCTH CO BpeMeHeM mocuJe 
OKOHYAaHUA NepeMelInBaHHsA. 
Kpupple, mpesqcraBsIeHHpie 
Ha puc. 1, xopomo onnchi- 
BalOTCA KHHETHYCCKHM ypaB- 
HeHHeM 


CSC mee 


Koryenmpaqun Sidy 6 p 


0 
re C—Konuentpanun SiO,, af 2 HD 4 - 60 70 cymok 
nepemekiero B pacrBop 3a IpodomkumenbHotine pacmbopeKrua : 
BpemMa *, Cp — pacrTBopx- Puc. 2. Kuneruka pacTBopeHua KBaplueBoro mecKa 
mMocTb; k — KOHCTaHTa CKO- D 
pocru pacrBopenus. Besmmun- B KOopaHHaTax 7 — In C,—C 


HbI Cp MOXHO OMpeesIHTb 

nO aHHBIM pu. 1, 43 KOTOpOro BUAHO, YTO B YCJIOBHAX HALIMX OMBbITOB HacbIlle. 

HMe HacTylaeT MpHOmMsHTeIbHO uepes 60—80 cyToK pacrBopeHua. | 
YpaBueune (1) yqo6no nanucaTb B BUe 


4TO B NOJyOrapHpMMYeCKHX KOOPAMHaTaX M300parxKaerca MpAMOH, TaHreHt 
yrla HakJIOHa KOTOPOH paBeH k. OKcnepHMeHTAaJIbHbIe JaHHbIe, MPpHBeLeHHbIK 
Ha plc. 2, NoATBepxKLalOT CipaBeIMBOCTb ypaBHeHusa (1) npHMeHHTeMbHO I 
paccMaTpHBaeMOMy CJlyyalo HW MO3SBOJIAIOT PaCCUMTaTb KOHcTAaHTY k, BemMUnHE 
KOTOPOH, Kak 9TO BHHO M3 puc. 2, He 3aBMCHT OT BPeMeHH M3MeIbYeCHHA KBapllz 
4 B yCJIOBHAX HalIMX ONbITOB paBHa 0,056 cyrox!. Bmecre c Tem, KaK nOoKa 
3aHO Ha puc. 3, yJJIMHeHHe BPeMeHH H3Me/IbYeCHMA KBapla CyXHM cCMOCOOON 
MPHBOAMT K NOBbIeHHIO BEMMYHH PpacrBopuMocTH Cp. 

TlonyuenHble JaHHbIe COrmacyioTcA ¢ TeM OOCTOATeIbCTBOM, UTO paccmatT 
PHBaeMbIe NMOPOMKH TOHKOMOJIOTOPO KBaplleBoro NecKa OGJIaaioT MpakTHYeCcK! 
OAMHAKOBbIMH IIJIOMaMH MOBEPXHOCTH, KOTOPBIe pH MpouHxX paBHbL 
YCOBHAX ONPeAeAIOT CKOPOCTh PpacTBopeHna. Hapady c sTHM BenMUnHAa pac 
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TBOPHMOCTH Cy IPH 3aaHHO Temnepatype onpeseaserca, OYeBHHO, (Pu3HKO- 
XHMHYCCKMMH CBOHCTBaMH NOPOWIKa, H3MeHAIOMIMMUCA B Mporecce w3Meubye- 
HUA. OTO NOATBEpxLaeTCA TaKIKe H TEM, UTO TIpOlecc pacTBOPeHHA TOHKOM3MEJIb- 
YeHHOrO KBaplla B Bose, Kak Cileqyer us Tab. 1, ABAAeTCH BNOHeE OOpaTHMbM: 


TipH MOBbILMeHHH TEMN€paTypbl PacCTBOPHMOCThb KBapleBOro MOPOWIKa 3HaudH- 
TCJIBHO BO3PacTaeT, NOHM*Ke- 


HHe 2Ke TEMMepaTypPbI LO KOM- 
HaTHOH BbI3bIBaeT MOCTenNeH- 
HO€ YMeCHbINeCHHe KOHILeHT- 
palluu KPeMHeKUCUJIOTHI. 
PacTBOpHMOCTb TOHKOH3- 
M@JIbY€HHOrO KBaplla B BOE 
pH KOMHaTHOH Temmepary- 
pe, 10 HaliMM JaHHbIM, Jo- 
C€THTaeT B HEKOTOPHIX cuy- 
yaax 120 mr/n, uro He me- 
Hee 4uem B 20 pa3 mpeBocxo- 


HUT PaCTBOPHMOCTb KPYyIIHO- 
te ate ttiearors SERBS Puc. 3. 3aBHcHMocTbh paBHOBeCHOM KOHMeHTPalNH KpeM- 
¢ HEKHCJIOTHI B PaCTBOPe OT MPOMOAKHTEIbHOCTH HU3MEJIb- 
A). YeHHA KBapieBoro ecka. J — paBHOBeCHad KOHIeHTpa- 
PacuetThl m0 copmyue Wu, 2 — yetbHad MOBePXHOCTb 


‘Kesbpuna, mpou3BeqeHupie 

€ MOMOLL[bIO H3MePeHHEIX BeJIMYHH YJleIbHOM MOBEPXHOCTH, MOKa3bIBaIOT, TO 

AA UCCNEOBAHHBIX TOHKOJMCMePCHbIX MNOPOWIKOB KBaplla HaOw0aemple 

-SHAUCHHA PaCTBOPMMOCTH IIPeCBOCXOAAT BHIYMCJIeHHbIe He MeHee, ¥emM B 16 pas. 

-Ecsm Ke yuecTb HalMuve Heu36@KHbIX 9JIEKTPHYeCCKUX 3apANOB Ha MOBepXHO- 
CTH “acTHU, TO 3Ta pasHulla eme Oouee 


méeff 
MYe 


S 


< 


Pabuobecnas konuenmpayua 
N 
S 


SYdenbnan nobepxrociib 


2 4 6 8 10 12 — 4 mun. 
IpoG0NKUMENbHOCIIb UMENbYEHUA 


Ta6nuuna 1 Bo3pacter (1°). YBemuueHne pacTBopH- 
‘Bamsuue temmepatypst ua pacrsopumoctrn MOCTH B PeSYAbTATE HSMCJIDYCHHA HE 
_ TOHKOMONOTOrO KBaplla B Boge (Mr/,1) yRaercn Takxke MpHMMcaTh dpaKIHAM 


. OUYCHb TOHKOJMCNEPCHbIX YaCTHI, B HC- 
TIpoqomKuTesbH. IlpoqomKuTesIbH. CIETY CMbIX MOpOmkax. Ec“ OBI PacTBO- 


= Cc, mp OD aac, | eee ees 20% PHMOCTb ONpefeNaach TAKUM acTH- 
| IlaMu, TO CJIeOBasIO Obl ORKUAATb YMCHb- 
| : 2 ae a IUCHHA KOHILCHTPallMH KPCMHeCKHCJIOTHI 
B pacTBope B CBA3H C ABJIEHHeEM Tepe- 

rf Ms ia al — ——«KpHcTavWIMsallMH = M@IKHX 4aCTHIL B 

73 176 522 | 4109 g7  Kpynupie (7°, *!). CpaBHuTebHO  BBI- 

89 160 210 128 415 COKaA PaCTBOPUMOCTh OJKHA Oba ObI 


O6eCNe€YHTb 3HAUHTeIbHYIO CKOPOCTb 

9Toro mpolecca. OHako YMeHbIIeHHA 
-KOHILCHTPallHH B HallIMX OMbITaX He HaOJIOMaOcb axKe MPM OVCHb AVIMTCJbHbIX 
HaGso0yqeHHAX (Gomee roga). Kpome Toro, yJeuIbHbIe MOBEPpXHOCTH MOPOLIKOB, 
-TIPOCTOABLINX Jouroe BpeMA B BOJe, KaK MOKA3bIBalOT IKCIePHMCHTaJIbHbIC 
JlaHHble, TakKxKe He WperepmeBaloT 3aMeETHBIX H3MeHeHHH. C [pyro cTopout, 
BeJIMYHHA PaBHOBeCHOM KOHICHTPallMH 3aMe€THO 3aBHCHT OT BPCMCHH H3MeJIb- 
YeHHA MecKa, XOTA ero yJleIbHad MOBePXHOCTb B Mmpollecce MOMOJIa He YBeUJIH- 
-MHBAaeTCH *. 

AHOMaJIbHO BBICOKaH paCTBOPpHMOCTb TOHKOMOJIOTOTO KBaplla B Boye HU 
“pesKHii pocT ee C YBeJIMYCHHEM MPOROMMKUTEIbHOCTH MOMONAa HaxOMAT oObsic- 
“HeHHE, eCJIM YYeCTb, UTO B MJIDHHILEe NPOHCXOAHT HE TOJIBKO H3MCJIbYCHHE YaCTHIL 
-KBaplla, HO HM HapymieHue ux KpucTauIMYecKOH cTpyKTypbl (*). 
| IIpu JocraTouHoO GombUIOH MpOAOMKUTEMbHOCTH NOMONa AUcneprupoBaHne 

KaK TaKOBOe peKpalilaerca, a pasyNOpAROUMBaHUe KPHCTAMJIMYeECKOW PeLeTKH 


. 


* Dro cBA3aHO C OUCH Sou bi SHEProHallp AKEHHOCTHIO IIPHMCHABMeHCA HAMM MeJIbHUILBI, 
“B KOTOPOM Mpesem USMebYeCHHA, CBOMCTBEHHbINT KBAaPMeBOMy TMecKy (12), MocruraetcsA yxxe yepes 
2 nH. Tomoua. 
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POLOKAeTCA BMVIOTh AO NOJHOTO mpeBpalleHHA KBaplla B erO aMOP*uSOBAH: | 
HYIO paSHOBUsNOcTh. EcrecrBeHHO MO3TOMY CBA3aTb HaOsIOaeMble BeMYMHb! 
PacTBOPUMOCTH MOPOWIKOB He C HX JHCHepCHOCTbIO, a C pasyMopALOUHBAHHeM 
KPHcTasIMYeCKOH pelleTKH KBapla M OOpasoBaHHeM Ha NOBePpXHOCTH YacTHHt 
aMOp@H30BaHHbIX C/10€B (MOAOGHEIX COAM BatbOu), OOaaroulHX NMOBbILIeH- 
HOH CBOOOLHOH 9HeprHe. 

H302KeHHbIC BbILIe JaHHbIe MOSBOJAIOT OObACHUTb M€XaHH3M OOPa30BaHHA | 
PHAPOCHIHKATOB KaJIbILNA M MAHA Mp B3aMMOeMCTBUM UX THAPOOKUCJOB C TOH- 
KOW3MEJIbYeHHbIM TI€CKOM B BOJHOH Cpese pH KOMHaTHOH Temnepatype. Kak Ob1J10 
OKa3aHo ("), IIpH 9TOM B COeAHHEHHE C H3BECTbIO BcTyMaeT JO 7—8% KBapleBOrO 
NOPOWKa, YTO He yaeTCA OTHECTH TOKO 3a CUeT Peak Ha NOBEPXHOCTH 3e- 
peu (2). Mspecruo, uTo pacrBopumoctTb Ca (OH), 1 Mg(OH)2 npu 20° paBHa COOTBeT- 
cTBeHHO 1300 u 30 mr/a; pacTBOpuMocTb KBaplla, Kak 9TO HaOJIHOasIOCb HaMH, O- 
cruraer 120 mr/1. Takue 3HaveHHA PpaCTBOPHMOCTH HMCXOJHbIX KOMMOHCHTOB 
OGeCNeuHBalOT BO3MO2KHOCTh MpOTeKaHHA PeakUHH B XUAKOH case c OOpasoBa- | 
HH€M THAPOCHIMKaTOB KaJIbIlMA H MalrHHA, PaCTBOPHMOCTb KOTOPbIX UPe3BbI- — 
yaliHo Mawia. Ilosromy B BOJHOH cpeme co3sqaoTcH ycJIOBMA, OOecneyMBalO- 
UlHe OYCHb OObUIMe NepecbileHHA AIA HOBOOOPasOBaHH, ATO OOYCAOBJIMBACT 
BbIKPHCTaJJIM30BaHHe Upe3BbIUaHHO MeJIKHX 3apOfbuueH HOBOM da3bl, HX MaJib- 
HelluHH pocT HM cpacTaHue mMexyy co6ok. B pesyibTate oOpasyerca KPM> 
CTaJJIM3allHOHHaA CTPpyKTypa H3BeCTKOBO-MecuaHOroO KaMHA, MPOUHOCTb KOTO- 
poro yoctruraer 240 xI/cm?. 

TakHM O6pa30M, MeXaHH3M TBepJe©HHA U3BeCTKOBO-leCuaHbIX BAKYULUX 
MOXKHO CYHTAaTb aHaJIOTHYHbIM Me€XaHHSMy KPHCTasM3alMOHHOTO TBePAeHHA | 
uepes PacTBOp TaKHX MHHEPaJIbHbIX BAXKYIMX, KaK, HaNpHMep, TNC (73,7) 
IIpu STOM MpOuHOCTh TBepJeIOULMX MSBeCTKOBO-NecuaHbIX H3eMM Hapactaer | 
B pe3yJIbTaTe CpacTaHuA Mexyy COOOM KPHCTaJIJIMKOB HOBOOOpasOBaHH B Tepe | 
CbICHHbIX PaCTBOpaX 9THX %e BeulecTB (1°,1%). | 

| 


Tloqo6HbEIM 2%e OOPa3s0M MOXKHO OObACHHTb UH POJb BHOPOM3Me/IbYCHHOrO 
necuaHOro HanOJIHHTeIA B MOBbILICHHH MPOUHOCTH MaJIOILEMeHTHBIX Oe€TOHOB. 
BpleMBWIAACA MPH 3aTBOPeCHHH WeMeHTa BOJOH CBOOOAHaAA PHJ[POOKHCb KaJlb- | 
IMA B pacTBOpe B3aMMOJelcTByeT C KBaplleM C OOPasOBaHHeM FUAPOCHJUKAaTOR | 
KaJIbILMA, KPHCTAJIM3aWA KOTOPbIX TIPHBOAHT K YBeJIHYeCHHIO MPOUHOCTHK- 
ILEMeHTHOFO KaMHA. 


B  3akJ0ueHHe aBTOPbl MIPHHOCAT CBOIO WCKPeHHIOIO OJlaroyapHOCTb 
aka. I]. A. PeOuugepy, J.C. Comuncxomy, B. B. Parunosy u JI. A. Petiruny 3a 


oOcyxkKJenne pe3yJIbTAaTOB HW WeHHbIe 3amMeyuanua u H. VW. Iayaqunot 3a momoltb 
B padote. 


BececorwsHblli Hay 4HO-HCcIeMoOBaTebCKUL Tlocry nso 
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ll. A. KOJIECHHKOB, E. HW. METPOUEHKO u_C. B. 30P9 


®EPMEHTATHBHOE BOCCTAHOBJIEHHE XHHOHA FJIMKOJIEBOM 
| KUCJIOTOH 


(ITpedcmaeaeno axademuxom A. H. Onapuneim 31 VII 1958) 


Pavee OJHHM 3 Hac ObvIO OOHapy2KeHO, YTO PIMKOJIeBAA KUCOTa YCKOpseT 
mpeBpalieHue f-OCH3OXHHOHA B WeHTphdyraTaxX TOMOFeHaTOB JIMCTbeB AUMEHS 
(?). [peanomarasocb, uTO B STOM CyYae PIMKOeBaA KUCIOTA BOCCTaHaBMBaeT 
f-OH30XHHOH Cc y4acTHeM OKCHa3bl PIHKOeBOH KuCOTHI. Hapsagy c rviHKo- 
N€BOK KUCJIOTOH HW e€€ OKCHAA30H B 3eJIeHbIX PACTeHHAX WIMPOKO pacmpocrpaHeHb! 
Pa3JIMUHbIe MPOHSBOAHbIe PeHOJIOB, KOTOPbI€ CMOCOOHbI OKHCJIATbCH B XHHOHBI. 
BosmoxHO, uTO (eHOJIbI HM XHHOHbI B PaCTeHHAX ABJIAIOTCA KOMMOHEHTAMH JbI- 
XATEJIDHbIX CHCTeM (?). Mavio BbINCHeEHHbIM 3BEHOM 3THX CHCTEM ABJIACTCA pOLecc 
BOCCTAHOBJICHHA XHHOHA, XOTAH H3BeECTHO, UTO B HEKOTOPbIX PacTeHHAX coep- 
X%KUTCA XHHOHPEe/YKTa3a — (epMeHT, CIHOCOOHbIM BOCCTaHaBJIHBaTb 1-OeH30- 
XHHOH BOJOPOJOM BOCCTAaHOBJICHHOTO udocponupHANHHykseoTHa (*).B cBA3H. 
C H3JIOXKeHHbIM TpeAcTaBJAJIO HHTepec Oovee WeTaIbHOe H3yYeCHHeE MeXaHH3Ma 
BOCCTAHOBJICHHA XHHOHOB 3a CYeT OKHCJICHHA PIHKOJIe€BOH KHCJIOTHI. ITOT BO- 
nmpoc WH ABHJICH TeMOH HacTOAMLeH padorTHl. 
- OnbiTbl NpOBosHIuch B npHOope BapOypra.B kax bli, cocyuk BHOCHJIOCb. 
no 4,0 Md pacTBopa WIM CycneH3HH (epMeHTHOrO Mpenapata H B OOKOBOL OTpo- 
cTOK cocyukKa no 0,5 mu (3 mr) pacTBopan-OeH30xHHOHA H 0,5 ma 0,1 M pac- 
TBOpa ruiuKOWaTa HaTpua. Benku ocaxasucb WOOaBeHHem 0,5 ma 1-M yx- 
eycHow KucvioTH. M3 dusbTpatoR oT6upasocb no 3—4 MJ pacTBOpoB WIA ON- 
peweseHua XHHOHA HOoMeTpHyecKHM MeTooM MH nO 1,0 Mi AIA onpeqemeHus 
rugpoxuuoua. Jia onpeyeseHua THAPOXHHOHA MbI NpNcnoco6HIH KOJOpuMerT- 
pHyecKHH MeTO c peaKTHBOM MoMA, HCNOJb3yeMbIN WIA ONpeeeHHA Ty- 
OWJIbHBIX BeulecTB, Awa uero K 1,0 MJ ucnbITyemMoro pacTBOpa OOaBJIAJIOCB. 
0,5 Ma peakTuBa MouHa u 8,5 MJ HaCbIILeHHOrO pacTBOpa KapOoOHaTa HaTpHA. 
KosopuMetpHpoBaHHe MpoBOAHIOCch B doTosIeKTpoKoJopumMetpe DOK-H-54 
© KpacHbiImM duubTpom Ne 8 B kKioBeTaxX WHpHHOH 5,05 mm. J]aia mepecueros 
Oblula COCTaBJI€Ha KaJIHOpOBOUHad KPHBaA C UYNCTbIM THAPOXHHOHOM. SaBHcH- 
MOCTb M@XK ly HHTCHCHBHOCTHIO OKPaCKH HM KOHWEHTpallHeh PHAPOXHHOHA B npese- 
ax or 20 y go 100 y B 10 Mam peakuMoHHOH cmMecu nOduMHAacb 3aKony Jlam- 
6Oepta — Bepa. Meccueqyempie Hamu (pepMeHTAaTHBHble NpemapaTbl He cosep2xa- 
JIM BeULeCTB, JalOllHX B 3alaHHbIX yCJIOBHAX OkKpaCKH Cc peakTHBOM MovMHa. 
Jia UWseHTHpHKalMH THApOXHHOHA Oblla UCMOMb30BaHa XpOMaTOrpaua Ha 
6ymare. B kKauecTBe pacTBOpHTeJA MpHMeHAJaCb CMecb OyTaHOJ — ykcycHaA 
KucloTta — Bowa (4: 1:5). IIpossurenem cayxui 0,1 N pacrBop a30THO- 
kKucsioro cepe6pa B 10% amMuake. I mHOKCaeBad KHCJIOTa ONpeAeJAMacb KO- 
JIOpuMeTpHyecKuM MeTojoM (2), AIA Uero Oblvla NOcTpoeHa KasIMOpoBouHaA 
KPHBasd C HCHOb3OBaHHeM Mpenapata rivoKcaeBoh KucmoTE dupmer Light 
and Co Ltd. 8B npegenax KontlenTpauuit or 4 y Zo 40 y B 11 Ma peakuuonHoH 
cmecu. KonopuMerpupoBaHne mpOBOAMOch B KIOBeTaX IWHPHHOH 5,05 MM c 
3eJICHbIM (pusIbTpoM Ne 5 na DOK-H-54. Ja nomyyenun c:epMeHTHBIX lpena- 
PaTOB MCMOIb3O0BaIHCb JIMCTbA MpOpocTKOB AuMeHA copTa BuHep H JIMCTbA 
TaOaka copta Tpane3onz. Uactb onpiToB NpOBOAMacb C SKCTPaKTaMH U3 JIM- 
CTbeB. OKCTPAaKTbI NO/yUauCb MyTeM TOMOFeHH3AalHH JIMCTbeEB Cc cocdaTHEIM 
6ydepom M/15 pH 7,0 8 ornomennu | : 10. Pomorenar ocpoOox Jaca oT rpy- 
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ObIxX uacreli WeHTpudyrupoBaHuem B TeyeHue 5—10 mux. 
B cmelHaJIbHBIX OMbITaX HCMONb30BaIHCb CYCMCH3HH alleTOHOBbIX MOPOUIKOB,, 
MOJIYYaeMbIX H3 JIMCTbeB, HU OCKOBbIC MpenapaTbl, MOJyYeHHbIe (ppakUHOHHEIME 
OCaKJICHHeEM CeEPHOKHCJIbIM AMMOHHeM. / 
B pesyubTate uccieqoBanuli OOHapy2KeHO, YTO BOJHbIC PacTBOpbI -OeH30- 
XHHOHA 2KEJITHIC, a IPH CHJIbHOM pa3s0aBJICHHH BH3yaJIbHO OeclBeTHBIe, MPH 
CTOAHHH IIpH KOMHaTHOM TemmepaType CTaHOBATCA KpacHbIMH. IloaBsIeHHe Kpac- 
HOH OKpackH ycKopserca c yBemmyeHHem pH. M3menenue okpacKH B KHC-- 
JOH MW HeliTpabHOW cpese COMpOBOxKAaeTcH He3HAYHTeCJIbHbIM MOFJIOULeCHHeM 
KUCOposa, BOspacTaioujuM c yBemMueHHem pH. C HapacTaHHeM KpacHOH OK-; 
pack Her yBesIMUeHHe pacxOoBaHHa n-OeH30XHHOHA. CBexKenpHYoToBJIeHHbIH | 
pacTBOp /1-OCH30XHHOHA He JaeT peakUuN Ha MOMPeHOuIbI Cc peakTHBOM MowHHa 
M OHH He OOHapyXKuBaloTCA Ip XpomaTorpadun Ha Oymare. IIpu crosnuu pacrBopa | 
Np KOMHaTHOH TemnepaType OHM MOABJIAIOTCA M OOHapy2KUBaeTCA PHAPOXHHOH. B} 
Nle€pBOM IIpHOJIMKeHHU KOJIMYECTBO OOpas0BaBlUeroca PHLPOXUHOHA COOTBETCTBYET: 
HHTCHCHBHOCTH KpaCHOl OKPpaCKH PacTBOpa /-OeCH3OXHHOHA HM KOJIMUeCTBY H3pac-- 
XOJOBaHHOrO /1-OCH30XHHOHA, HO He COrlacyeTCA C KOJIMYeCTBOM MOFJOULaeMoro ) 
Kucopofa. CreqoBaTebHO, B BOJHOM pacTBOpe f-OeH30XHHOH mpeBpalllaerca | 
B THAPOXHHOH. OHOBpeMeHHO B TAKOM pacTBOpe HAYT KaKHe-TO OKHCJIMTeJIb-- 
HBbIe TPOMeccbl, KOTOPHIe He yUacTBYIOT B NpPeBpallleHHAX N-OeCH3OXHHOHA B THI: 
PpOXHHOH. Oka3asl0cb, 4TO HeKOTOPbIe MpemapaTbl, MOyYaeMble H3 3eJICHbIX, 
AMCTbEB pacTeHuli, yCKOpAIOT NpeBpallenue 1- -O€H30XHHOHA B THAPOXHHOH, a} 
JoOaBeHHe TIMKOJIeEBOH KHCJIOTHI elle OOJIbIIe YBeJIMYHBaeT 9TO yCKOPeHHe. 
TlonyyeHupie WaHHple (cpeqHve H3 ABYX MapaJJIeJIbHbIX OMBbITOB) partes 
B Taos. 1. 
V3 ra61. 1 BUAHO, UTO PIHKONeBad KHCIOTa yYCKOpAeT mpeBpalleHue wists | 
B 9KCTpakTaX W3 JIMCTbeB SUMeHA HM TaOaKa UM TO, BMAHMeM Mpenapata A.| 
Cnelyer MOAYepKHYTb, UTO, B OTMHYHE OT PaCTBOPOB XHHOHA B Bose HK 
cboctbaTHom Oydepe, B OMbITaX C PaCTHTeJIbHBIMH YKCTPaKTaMH B IIpHCyTCTBHE 
TJIMKOJI€BOH KHCJIOTHI TOABJICEHHE KPaCHOH OKPaCKH 3HAaYHTeIbHO CHM KaeTcs, 
a c mpenapatom A aTa okpacka eBa 3aMeTHa. CieqoBaTeIbHO, rIHKOJaT HHTH~ 
OupyeT o6pa30BaHnve OKpallleHHOro BelllecTBa, KOTOPOe OOpa3syeTca NpH CHOR- 
TaHHOM MpeBpaleHHu n-OeH30xHHOHAa. Bo Bcex mpoOax nocje HHkyOaluH, 
rye HMeJIO MecTO MmpeBpaleHHe XHHOHA, XpoMaTorpadueli Ha Oymare (JleHuH- 
rpajicKaad ObicTpasx) MocJIe NPOABJICHHA AB3OTHOKHCJIBIM CepeOpom a RE aie 
Ba MATHA: OHO KOPHYHEBOe pPaciIbIBYaTOe, Cpa3sy 3a JIMHHeH cTapTa (Takoe 
%Ke MATHO JaiwoT HW HMCXOHbIC MpoObl — Oe3 UHKYyOalHH) HU Apyroe — TeMHOe ¢ 
R; 0,84. [locequee nomHocTbo coBmayaeT C NATHOM MeTUHKa — PHApOXHHOHA. 
JIpyrux BelecTB, MPOABJIACMbIX A3O0THOKMCJIBIM CepeOpoM, He OOHapyKeHO. 
OTO TOBOpHT O TOM, YTO KaK MPH CNOHTaHHOM MpeBpalleHHH n-GeH30XHHOHA, 
TaK HM B MpoOax c TiMKOJaTOM N-OeH30XHHOH MpeBpalilaerca B rHApOXHHOH. 
Ilyru mpeppaljeHHi n-6eH30XHHOHA SKCMePHMeHTAJIbHO elle He BbIACHEHBI. 
Ojuako mpemnomaraetca (7), YTO XHHOH MOKeT MpeBpalllaTbeA B THAPOXHHOH 
3a cueT BOJOPOLa BOLI HM SHEPrHu B3aMMONpeBpallleHHH NoMHeHOIOB HW XHHO- 
HOB. OQHOBPeMeHHO OOPasylOTCA MPOAYKTbI KOHAeHCALLHH WIM NOMMepHsalluu 
(cM. cxemy). O6pa30BaHne YTHApOxXMHOHa M3 N-O€H30XHHOHA B BOJHBIX pac- 
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PHAPOXHHOH OKCHXHHOH NpOAYKT NOMMMepHsalHuH 


TBOPAX, BEPOATHO, HM COBEplilaeTcH TakUM yTeM. OKpacKka pacTBOpoB o6yci10B- 
JieHa, M0-BHMMOMY, OOpasoBaHvemM MpoxyKrToB nowMMepusatun. Murnu6uposa- 
Hue OOpas0BaHA NOCMeAHUX MpM depMeHTaTHBHOM BoccTaHOBJeHMH XUHOHA 
TIHKOATOM CBUCTEIbCTBYET, MO HallleMy MHEHMIO, O TOM, YTO Mmpollece BoccTa- 
HOBJICHHA XHHOHA B STOM CJly4ae COBepmlaeTCA HEMOCPeACTBEHHO 3a Cy¥eT BOILO- 
Poa PiMKoaTa HM SHCPrHH OKHCJICHHA TIMKONaTa, MHHYA craquio OOpasoBa- 
HMA OKCHTHApOXuHOHAa. Takoe yuacTue riHKOsaTa B BOCCTaHOBJICHHH XHHOHA 
noATBepxaetcA (akTOM OOpasoBaHua TAMOKCaNeBOH KUCOTHI HapALy c Puy: 
POXHHOHOM (cM. Ta6u. 1). 
Ta6auna 1 


Boccranopienve n-6eH30XHHOHa pa3/IMUHbIMH MperapaTaMM 3 JIMCTBeB pacTeHuli 


Anutesb- : : 
KOMNOHeHTHI ONbITOB pecke Hee 2 oe ee 
unkyoaunn,| ©, un BalOcb |jOCb ruytpo 
MHH. 2 XHHOHA, MI|XHHOHA, MI 
A umeub (9Kctpakt, pH 8,3) 
+ ruanukosar 4,9 mr 60 457 0,00 0,00 
-+ xHHoH 2,72 mr 60 20 1,46 1,00 
+ rankonat + xnHoH 60 40 Died 2 3,00 
Ta6axk (sKcTpaxt, pH 7,17) 
+ xHHoH 2,8 mr 60 ANS) 0,20 — 
+ rankouat 4,9 mr 60 62,4 0,00 oo 
-++ XHHOH + rauKosat 60 AS. 7 AN Bye — 
OKCTpakT KunayeH. + xuHon + 
+ raiuKosat 60 8,8 all — 
THOKC =: 
JIEBOH KHC- 
Ilpenapart A* JOTbI, MP 
+ xuHHoH 2,5 mr 30 16,4 0,48 0) 
+ raukosnatT 4,9 mr 30 Dele 0,00 ‘lala 
+ xnHon ++ rankouat 30 124,1 2,39 4,86 
iipenapatr B** 
+ xuHon 2,5 mr 60 39,3 1,05 — 
-++ rauKomat 60 9,4 == a 
-- XMHOH ++ rmMKomaT 60 lee 41,00 = 
QochatTuyh Oydep pH 7,17 
+ xunon 2,8 mr 60 8,5 0,34 — 


* TIpenapat A roropuvica no MeTOxy NOsyYeHHA OKCHAasbl rauKOJeBoH KucsOTEI. 100 r 
JMCTbeB roMoreHu3upoBamuch c M/15 docibatHerm Gydepom pH 8,3, romorenaT wWenTpudyru- 
poBayica, noxKucasaca 10% yxcycuolt KucnoTolt fo pH 5,4 M BHOBb WeHTpHdyrupoBasics. 
OcayoK oT6pacpipaica.. K 2xHqKocTH (570 ma) nOOaBAacA No 0,2 HacbINeHHA CePpHOKUCJIbIH 
ammonuit (80 r). BrinaBuuit ocagoK wextpudyrupopayica uM oTOpacpiBasica. K 2%xAuAKOCTH JO- 
6aBACA JO HacbieHua 0,3 cepHoKHcubIit ammonuii (eme 40 r), BeimaBuili ocaqoK coOupau- 
ca WeHnTpHdyrupopanvem, pactBopssica B15 ma 0,02 M xannii-pocdatnoro 6yhepa pH 7,0 
TMaNMZ0BaJICA IA yasieHHA CepHOKHCJIOrO AMMOHHA MpOTHB Takoro 2%e Oydepa Cc MpHMeHeHH- 
€M 9JIEKTPOMarHHTHO MetanKH. Tlomyuanocb 18 ma pacTBopa depmenta. 8,5 Mi 9ToroO pactT- 
Bopa pa3s0aBussocb 0,02 M Kanuti-cocdarupmm Oydepom pH 7,0 yo 25 ma. M3 storo pactBopa 
qbepmenta Opasocb no 3,5 MJ B KarxkK~bIli cocyyquK BapOypra AIA onbita. ¢ 

** TIpenapar B npepcrapiad coOoli aleTOHOBbIi MOpOulOK JMCTbeB, MOJIyYeHHbIIt OOBIUHbIM 
enoco6om. 4 r sToro mopomkKa cycneHszuposamch B 160 ma 0,012 M cocdatuoro Oycbepa 
pH 7,0. B cocyaux BapOypra 6panocb no 4,0 mM. cycreH3HH. 


V3 ra6a. | BuO, YTO PIHKONAaT YCKOpAeT NpeBpallkeHHe XMHOHA TOJIbKO 
TeMH IIpenapaTaMu, KOTOPbIe CORep%KaT OKCHLasy PMIMKOJIEBOH KHCJIOTbI, H TCM 
OpicTpee, YM AKTHBHee 9Ta OKcHJasa. TloxoOubIe ABEHHA MbI HaOJOAaJIM H BO 
MHOrUX J{pyrux cayuaax. IIpenapar »%xe peyKTasbl raMoKcaneBon KHCJIOTBI, 
NOJYYCHHbI U3 JINCTbeB TaOaka M0 H3BecTHOMY MeTOJy (°) H He Codep7KalllH 
OKCUa3hI TIMKONeBOH KUCOTEI, He BOCCTaHAaBJIMBal XHHOH TIMKO/IaTOM. OH 
He Obll AKTHBHBIM HB Culy4ae ROOaBseHuA K HeMy pHOopsaBuHa u Aupocponu- 
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pHquHHyKJeoTHya. Tak kak He yaeTCs OTJEUTb epMEHTATHBHYIO CIOCOOHOCTB 
Pa3JIMUHbIX PACTHTe@JbHbIX MpPeMapaTOB BOCCTaHaBJIMBaTb XHHOH TJIMKOJIATOM 


oT (bepMeHTATHBHOM CMOCOOHOCTH STHX %Ke MpenapaTOB OKHCATb PIMKOJICBYIO 
KHCJIOTY, MOXKHO CUHTATb, YTO ITH MPeBpaleCHHA OCYLLECTBIIAIOTCA OJHHM HU 


TEM 2Ke (ePMeHTOM. 


V3 ta61. 1 Tak 2%e BHJHO, YTO XHHOH CHW2KaeT MOPIOWeHHe KHCOposa B | 
onbITax ¢c riHKOaTOM. I]o-BuyMMOMY, Mp HaJIMYMM XHHOHA B cpejsle OKCHa3a | 
PIMKO€BOH KUCJIOTHI NepeHOCHT BOLOPOA C PAMKOJATa NpeAMOUTHTebHee Ha 


XHHOH, YCM Ha MOJI€K JIA p HbIM KHCJIOPO]. 
M3 u30%*KeHHOFO CUeTyeT, YTO B PaCTCHHAX, COWep*wallux oKculasy TJIH- 
KOJICEBOK KHCJIOTHI, MVINKOJIEBYIO KHCJIOTY H NOJIUMeHOJIbI, COCOOHBIE OKHCJIATb- 


CH B XHHOHbI, MOXKET CYIIECTBOBATb OlpeeJIeHHad B3AaHMO3ABHCHMOCTh Mex Yy | 


3STHMH KOMIIOHECHTaMH. 


Muctutyt 6uoxumun um. A. H. Baxa Tloctynu0 
Axafemuu Hayk CCCP 29 VII 1958 


UHMTMPOBAHHAS: JINTEPATYPA 


1T]. A, Komecuu kK oB, Mss. AHCCCP, cep. 6uon., Ne4, 88 (1950). * TH. M. Mu x- 
31 4,H, Bnonoruyeckoe okucmeHve, H3y. AH CCCP, 1956, crp. 317. % W. D. Wosi- 
ait, AwyNias Oly Biol. Ghem..204, 255, 27 (i954) sain Ze lelatac hee on ORCa tora 
J. Biol. Chem., 201, Ne 2, 707 (1953). 
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BHOXHMH#A 


C. M. MAHCKAS wu JI. A. KOAHHA 


XMHHAA WH WAHKAMOBASA KUCJIOTbI B PACTEHHSAX 
(ITpedcmaeaeno axademuxom A. I], Buxoepadoeeim 10 VII 1958) 


IukumoBas KucIOTa Oblvia BbIemeHa DaKmanom (1) B 1886 r. uz m0,0B 
anoHckoro anuca (IWukumu-Hoxxy) Illicium religiosum. To3guee ona 6piia 06- 
HapyxkeHa B JiMcTbAX Ginkgo biloba (?). IuKumosas kucaora (3,4,5-rpHoKcu- 
(ukNOoreKceH-1-KapOoOHOBasH KHCJICTa) OJIM3Ka MO CTpOeHHIO XHHHOL KuUCIOTe 
(1,3,4,5-rerpaokcuuuKiorekcaH-1-kapOoHoBand KUCOTa), XHMHYeCKHe CBOLCTBA 
KOTOPOH HW yuacTHe B OOMeHE BellecTB y pacTeHHH HeOJHOKpaTHO M3y4aJIHCb. 


COOH COOH 
| | 
COH iG 
fe 
HeC BS CH, een 
HC\_/CH HC\/CH 
/ HCOH\, VAs(ee) ON 
OH OH OH OH 


XUHHAA KHCIIOTA WukumMosaw Kucv0Ta 


Pa6oramu B. C. Byrxesuya (°), A. P. Kusena (*,°), A. JI. Kypcanosa (°) 6pt- 
JIO MOKA3aHO, UTO XHHHAA KUCOTA HAXOJUTCH B PeHeTHYeCKOH CBA3H C PJNOKO30Li 
HM B OOMEHE BELIeCTB ABJIACTCH MPOMC2XKYTOUHBIM 3BCHOM MexKy yruepoyqaMu u 
APpOMAaTHYeCKHMH COeIMHEHHAMH. Kv3euJlb BbIAeIMJI XHHHYIO KHCJIOTY H3 MOJIO- 
bIX m06eroB eH B KomHYecTBe 10% oT BO3AyuIHOCyxoro Beca MaTepHasia u 
MIpOCNe€IWJI H3MeHeHHe COJep2xKaHHA XHHHOM KUCJIOTHI B Mpollecce pocta pac- 
TeHHH. 

B mociequee Bpema Olaroqapa padoram J[>Buca H ero IIKOJIbI IpHBJIeYeHO 
BHHMAaHHe K IWHKHMOBOH KHCJIOTe, Kak MpeWeCTBEHHHKY apOMATHUeCKHX Ccoe- 
JMHeHHI B 2KUBOH KleTKe. OTH UCCIeMOBATEJIM MpOceAHIM CHHTe3 UWMKMMOBOL 
KHCJIOTbI PasJIMYHbIMH WTamMmMamu Oaktepul Escherichia coli. Inkumopas KHC- 
ota Oblla H30IMpoBaHa H3 OakTepHaJIbHOH KYyJIbTYPbI, poculeH Ha TJOKO3e 
‘¢ Cl4, Srumu u nocaexyiouumu padotamu (°) Obluio NOKa3aHO, 4TO WIMKMMOBas 
KHCJIOTa MOXKET paCCMaTPHBATbCA KaK IIPCAWeCTBCHHUK THPOSHHA, (eHHJana- 
HHHa, TpumTOdaHa, N-aMHHOOeH3OHHOM KUCJIOTHI Y Escherichia coli u apyrux 
BUOB OakTepHui. 

Oco6pili uHTepec NpecTaBAIOT paOOThI, NOCBALLCHHbIe MPeCBpallleHHIo IMKH- 
MOBOM KHCJIOTbI B apOMaTHYeCKHe eAHHHIbI JMrHHHa. Ha ocHoBe MHoroycueHx- 
HbIX SKCI€PHMCHTAIbHbIX JaHHbIX CJIOAHJIOCh COBPEMCHHOE TMpecTaBJleHHe Oo 
JIMPHHHe, KaK O MOMMMepe HECKOJIbKHX COCAMHCHHH C (PeHHJIMPOMaHOBbIM CKe- 
uetomM. Ilyrb mpeBpalieHHaA MpOCTbIX AaPpOMATHYeCKHX CAMHHIL B BbICOKOMO.JIe- 
KYJIAPHOe BelecTBO — JIMTHHH — JesaeTcsA Bce Ooulee ACHBIM H B 2KHBOM pac- 
TeHHH MpeqcTaBuInercA Kak (pepM€HTATHBHBIM OKHCJIMTCbHBIH MPOlkecc Ge). 
Ho 6vocnHTes apoMaTHY¥ecKHX MpeAWIeCTBeHHHKOB JIMrHHHa B KUBOH KJIeTKe 
JO CHX Op Obl Maso u3y4eH. BecbMa CBOeBPeMCHHBIMH H yOeUTeIbHbIMH OKa- 
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3alucb padotsr BpayHa u Helima (1, 1°), BBOMBUINMX WIMKHMOBYyIO KucOTy C |} 


C!4 B mpopocTKH MUICHHIbI H BeTKH KJleHa HU OOHAPYXKHBIUUX B JIMNTHHHOBOW 
(ppakuwH sTux pacTenMit payMOaKTHBHbIe BaHWJIMH WM CHpeHeBbIH aJIbjeruy. 
26eprapAr u Lly6epr (1?) BBoqHIM B pacTeHHe caxXapHOrO TPpOCTHHKa MeYeHHYIO 
mo yruepoky wHkKHMoByIO KHcTOTy. Iloce okucMTebHOrO paculenJeHHa 


oOpa3oBaBlerocsd B paCTeHHH JIMrHHHAa Obl BbIeeH pajMo-— 


AaKTHBHbIM BaHWJIMB C TeM XxKe pacliIpeAeJICHHeEM AaAKTHBHOCTH 
YIJIEPOAHbIX aTOMOB, Kak B UCXOJHOP INMKHMOBOH KUCJIOTe. 


NpOAYKT MeTaOOJIH3Ma B KYJIbTYPaJIbHOW Cpejle pasp yllaroulux 
pepecuHy rpHoos Lentinus lepideus, BbrpaujeHHbIxX Ha TVIio- 


XHHHOH HW IMKHMOBOH KHCOT B OOpa30BaHHH apomaTuue- 
CKHX COCQHHEHHH B pacTHTeIbHOH KeTKe. M3yueHne xHHHOM 
HM IWMKHMOBOH KHCJIOT B pacTeHHAX ObIWIO CHJIbHO 3aTpy]He- 
HO OTCYTCTBH€M TOUHbIX XHMHYeCCKHX MeTOJOB onpeyeeHus~ 


cocHbl. PacTBopuTesb; M30aMHJIOBbIM CHupt — MypaBbWHaxd KHCIoTa — 
BOMa; IPOABHTeJIb; OpoMKpeso1 3eueHbI, J — cCNHpTOBOH 9KCTPaKT COCHBI,. 
I] — meTunku: a — xunHad KuCIOTa, 6 — WIMKMMOBax KHCJIOTa 


VM suutb COBC€M HeaBHO AMNOHCKHE aBTOPbl, H3y4aBIUMe PpacimpocTpaHeHHe | 


INMKHMOBO KHCJIOTbI B PaCTeHHAX, BbIJeMIH ee€ H3 XBOH cocHb (Pinus 
Thunbergii Parlatore) nyTem 9kcTpakIUMH MeTaHOJIOM H MOcJeAyIouleH OUMCTKH 
Ha HOHOOOMeHHBIX cMOvIax (1°). 

B JasibHeilieM 3TH aBTOPbI paspaOoTaJIM XHMHUeCKHH MeTO], KOJMUeCTBEH- 
HOFO ONpeeeHHA WIHKMMOBOH KHCJIOTbI B PaCTeHHAX, HCHOMb30BaB JWIA STOLE 
ILeIM PeaKI[HIO OKHCJICHHA WIMKHMOBOHM KUCJIOTHI NepHOaTOM HaTpuA c Mocme- 
IYIOWMM OKpaluuBanveM OOpasoBaBlmerocaA AMasberula aHWJIMHOM (1°). ABroppr 
OOHapyXKHIH WHKMMOBY!O KHCIIOTY B 82 43 164 uccNeqOBaHHbIX BUOB HU NO- 
Ka3aJIH, YTO 9Ta KHCJOTA WIMpOKO pacnpocTpaneHa B pacTeHusAx (17), 

Hacrosiee uccleqoBaHHe ObIIO NpeANPHHATO c WebIo U3yYeHHA pacnpe- 
JeIeGHHA XHHHOM M WHKHMOBOH KHCJIOT B MOJIOQbIX NOOeraxX HM WIMIIKaX COCHbI 
(Pinus silvestris L.) B mpomecce ux pa3BHTHA MW OpeBecHeHHA. OGpa3ltnl Obi 
coOpaHbI B Mae — uHiovle 1957 r. COopbi mpoHsBOAHINCb BO BTOPOH NOJOBHHE 
HA. CoOpaHHbl MaTepHaJl B3BEIMBaJICA, H3MeIbYaJICA HU (PuKcUpoBasica 96% 
gTaHOJIOM. JIA H3BJIeYeHHA OpraHwyecKUX KHCJOT NpoBOLuIH 2-KpaTHy}o Fo- 
pauyio SKCTPaKUHIO 98TaHOJIOM B TeyeHHe 2 vac. kaxKJIbIi pas. CnupTosoii 
pacrBop ynapHBaica B BakyymMe mpH 35—40° yo He6ombm0ro o6beMa. 
HM BJIHBaJICA B VM38ObITOUHOe KOJIMYeCTBO AMCTHJJIMpOBaHHOH Bob. BpmaBuinit 
MIpH 3TOM OCaQOK OTPHIbTPOBHIBAJICA, PHJIbTPaT yiapuBasicA B BakyyMe JO: 
onpefeeHHOrO OObeMA HM KOJIMYECTBEHHO HaHOCHJICA Ha OyMary JIA XxpoMmaTo- 
rpaduu (mpuMensauiacb Oymara Ne 2 JlenunrpaycKon da6puku um. BosnoyapcKo- 
ro). Jia xpomatorpaduyeckoro pa3qevleHHA OPpraHHyecKHX KHCJIOT HCMOJIb30- 
BaJIM paCTBOPHTeIb: W30aMHJIOBLIN CHUpT —MypaBbuHaA KUCOTa — Bona: 
(100 : 23: 77). MposBurenem cayxkua 0,04% pacrBop 6pomKpesona 3e7eHoro: 
B 96% ataHone. IIpu sTux ycOBHAX WIA XMHHOH KucHOTH R; = 0,1; ja 
IWHKHMOBOH KucIoTH Ry = 0,24. Pacnomom*eHne WIMKHMOBOM HM XHHHOL KUCOT 
Ha HeMPOABJICHHBIX XPOMATOrPaMMAaX ONPeeIANOCh MO CpaBHeHHIO C MpOsB- 
JJ@HHBIMM XpoMaTOrpaMMamH. CoorsercTByloulve yuacTKH OyMary BbIpesaJlHCb. 
HM 9KCTParHpOBaIHCh AMCTHIIMpOBaHHOK Bosok. B axkcrpakre onpesenanH 
XHHHY!O H WHKUMOBYIO KHCJOTHI KoJMuecTBeHHO. H]nKuMoBaa KuCcJOTa onpe- 


Hopx u Wy6epr (14) o6Hapy2xuiu WHKUMOByIO KHCJIOTy Kak 


KO3C€ HJIM STHJIOBOM CHHPTe Kak eC]JHHCTBCHHOM HCTOUHHKE | 
yruepofla. IlpuBeqeHupie CBEJC@HHA WOKa3bIBalOT 3HAYCHHE | 


#\—--Puc...1. XpomaTorpamMa cnupToBoro 9KcrpakTa 3 MOJIOJBIX TMoOeroB: | 


“AANaCb 0 Metojy Mocuga u XaceraBa (1°). JIna onpeyenenua XuHHOL Kuc- 
TEI MbI IPHMCHHJIM TOT 2K MeETOX, H3MCHMB yCOBHuA peakunu (pH cmecn, 
MilepaTypy HM BpeMA NporpeBaHUA, KOHIeHTPalHIO STHJeHTINKOWSA). 
NPHCYTCTBUM XMHHOH WIM WHKAMOBOH KUCJOTHI OOpas0BbIBaslacb Kpacuaa 
<paCKa, HHTCHCHBHOCTh KOTOPOH (B 3aBHCHMOCTH OT KOJIMUeCTBa KUCJOTEI) 
3MepsAJIaCb Ha CleKTpodotomerpe CM-4 
yH WwIHHE BowHEI 510 me. Ppanuupi Te 
Ipelenenni KoMMecTBa KUCHOT oT 30 CojepxkaHHe XHHHOI HM WIMKHMOBOLi KHCJIOT 


S150, ur, B MOJIObIX moOerax COCHEI B MHJWIErpaM- 
ur. B KauecTBe MeTHHKOB JIA jax Ha rpaMM cpiporo seca (cpoK cOopa 
pomatorpadun Ha Oymare, a TakxKe Jia 26 V 1957 r.) 


CTABJIEHHA KaJIHOPOBOUHOH KpUBOIi 


aMH ObWIM BbIAeICHbI U3 XBOH COCHbI = 3 a o 
MCTbIC Mpenapatbl XHHHOM MH WIMKUMO- 2.2 : 5 
oH KucuioT. Ileppax momyyena no me- © | 3] “ActP NoGera Saale: 
my Kusena (*), Bropaa nocne npeg- 58 | 5 = | 8g 
APHTCbHOH  O4MCTKH  cmupTOBOrO 
KCTPakTa OTAeNATACh MPH HOMO XPO- 749) 4 | Bepxuas 5,34} 414,24 
aTorpapuv Ha Oymare u Takum OOpa- 2 | Hwxuss 5,89 | 12,84 
OM HaKallJIMBawlacb. 15—21) 3 | Bepxuaa 12,46 | 13,1 
BpijeeHHad HaMH XHHHAad KUCIOTAa 4 | Hroxusasa (cna6oe 
Ofpepecu. ) 1722 | A2ZS46 


JeHTHPHUUpOBaHa m0 T. I. 162°; 
leuimpo6a c YHCTOH XHHHOM KUCJOTOH 
e JaBasla Fenpeccun. WIukumoBaa KucsoTa ueHTHulLMpoBana NOT. nu. 184°, 
(BETHBIM PeaKILHAM HM MeCTONOJOXKeHHIO Ha XPOMATOrpaMMe, CMeKTpy M0- 
JIOMLCHHA B y.-q). cBerTe. 

Ha pue. | npuBeyqeHa xpoMaTorpaMMa XHHHOH WM WIMKHMOBOM KHCJIOT B 9K- 
TPpakTaX H3 MOJIOJbIX MOOerOB COCHEI. 

Ta6mauna 2 
Coyepxkanve XHHHOH UW WHKUYMOBOM KHCJIOT. B OTJeJIbHbIX opraHax 


M TKaHAX COCHbI B MHJJIMrpaMMaxX Ha rpaMM cCbiporo Beca (cpok 
cOopa 14 VII 1957 r., qauHa mo6eroB 20—25 cm) 


= XHHHAaA IUuKkumo- 
Ne npodpr OpraH HAH TKaHb eee. Ban KUCIE 
4 Sak 1ajbIBalolleca 
NOuKH Oypyulero roxa Pr Th) 4,28 
2 XBOA MOJOIbIX To06e- 
rOB 9,66 16,9 
3 Kopa mou1oqprx mo06eroB My Alert Tieteys} 
4 KamO6nuit u cbopmupyio- 
wasca j{peBecuHa 
MOJIOZbIX MOOeroB AS 1,28 


I]pupeyenupre B TaO. | WaHHbIe NOKa3SbIBaIOT SHAYHTEbHOe COepxKaHHe 
XHHHOM MW WIMKMMOBOM KHCJIOT B MOVIOAbIX NOOerax COCHbI (XHHHOM BO 5,23% oT 
2yxoro Beca, WIMKHMOBOH 10 5,5% oT cyxoro Beca). HeoOxoumo OTMeTHTb CHH- 
KEHHE KOJIHUCCTBA XHHHOM KUCJIOTH B HWXKHEH peBecHerolleH yYacTH noOeroB 
(npo6a Ne 4 ta6n. 1). B auteparype uMeloTcH yKa3aHHA Ha B3auMHbIe Mpe- 
3pallleHHA XMHHOM HM WMKHMOBOH KuCcJOT (1°). 

B ra6. 2 npuBexenbr WupHl ompesetenuli XMHHOM HM WIMKHMOBOH KUCJIOT 
pasjleJIbHO B KOpe, xBoe, (PopMupyroulelica ApeBecuHe HW KaMOWH MOVIO{bIX 1100e- 
TOB COCHBI, a TakXKe B 3akJabIBaIOWLUXcA MOUKAaX Oyyuero rojja. Camoe OouIb- 
(Oe COMep2KaHHe KUCJIOT OKA3aJIOCb B XBOE, CAMOE MaJIOe B KAMOHU MU CPOpMUPyio- 
ULelics Ip eBeCHHE; B MOCJIE THEM CJIY Uae MOXKHO MpPeANONORUTh MpeBpallleHve PUAPO- 
apOMaTHUECKUX KUCJOT B apOMATHYECKHe MpeMMecTBCHHUKH JIMTHHHAa. OOpaliaet 
Ha ceOA BHHMaHHe 6ObUIOe KOJINYECTBO KHCJIOT, OCOOCHHO LWIHKHMOBOH B 3e- 
JICHbIX IIMIUKAaX COCHbI, CHauasa Hapacratomlee (mpoOa Ne 2), sarem majlatolee 
(npo6a Ne 3) k Havasly MIOIA, KOPa WIMIUKN HaYHHaloT OAPeBECHEBATh. 

739 


MoxHo ce6e mpescTaBHTb, YTO XHHHAA HM WHKAMMOBaA KUCJIOTbI UCHOb3y 
1OTCA B PACTHTEJIbHBIX KJIETKAX HE TOJIbKO JJ CHHTe3a aPOMATHYeCKHX per 
IMe€CTBCHHHKOB JIMTHUHA, HO HM AA CoeqM 
p ki HeHHi THMa JIMTHaHOB WIM Jia WYO 
Gomereatne samo uanosol wHereT aux nemeers. Hexapio mpxt noxonH C 

ua 1 rpaMM cpIporo Beca | oOHapy2KeHO mpeBpallleHHe — mHKUMO 
BOH KUCJIOTbI B KBepleTHH (1%). 


Tao 1 mita 


Cpokx c6opa Ne XunuHaa | WiuKumo- [[pumenHeHupie HaMH MeTOJbI anne 
mpoobt | KuCT. | pag Kuen.  JICJICHHA MO3BOJIAIOT OOHAPYXKUTb MaVJIbIE 

KOJIMUeCTBA XMHHOM HW WIHKHMOBOHM KUHC- 

JIOTbI, H Mbl HCHOJIb3yYe€M 3TY BO3MOX- 

26 V 1957 r. 1 | 7,60 | 18,80. SH “A ie re | 
10 VI 1957 r. y) 7,09 22,88 HOCTb JVJIA ONDE HeICHHA KHCJIOT ; 
4 VIN 1957-1. 3 4,63 18,84 HAX pecTaBUTesen eels pactu- 


TCJIbHBIX Ppyni. | 
Sra padora mpofomKaercd HAMM B CBA3H C BOMpPOCaMH OHTOFeHHH Hi uno: 
TeHHH JIMPHHHa. | 


VWuctutyT reoxuMuu u aHamMTH4yecKol xXHMHH Tlocty mH10 | 
um. B. YW. BepxaycKkoro 7 VI 1958 
Axayemuu HaykK CCCP : 


WHTHPOBAHHAS: JIATEPATYPA 


WJ. Ff. Eijk m.a.n,~ Rec. Trav: Pays-Bas,..5, 299 (1886). 2. 1. Via smi ars ete 
Pharm. ‘Soc. Japan, 50, 113 (1930). * B.C. BytKxesu4, Biochem. Zs., 145, 442 (1924), 
= IN, IR. JX se yoru: JKypH. 9KCII. OHO. ees 10827, 607 (1928). 5 A-P. Kus en ty 
Planta,12, 131 (1930). © A. JI. Ky pea wos, Cuures 1 TIpeppalleHHA LyOUbHBIX Be-| 
ULeCTB B yatiHoM pacrenuu, BaxoscKoe ureHue VII, M34. AH CCCP, 1952. * B. Davis, 
BullaSocs Chinn Bioly 36, 89947 (1954)5) 20P si Rew ostel tiievaris a (mel ele SuMEonenien a,| 
ANG SSHOMOCuee. IO, Ik, Syoleiinge@ml, 8. 1D), iDenviS, di, Biol Caius Baby 27 | 
(1956). HT haniv, -C:nGily ary, J.Biol.. ‘Chem., 213,12, “780 4oaee 
0 ¢C. M. MaucKaan, Yen. cosp. 6uon., 44, B. I, 19 (1957). WS. Al Browwm 
A. C. Neish, Nature,.175, 688 (1955). .. 2S. A. Brow n, A.C. Netsih, Canady 
Biochem. and Physiol., 33, 6, 948 (1955). 3 Ch. Eberhardt, W. Schuberm 
tis, UVinle Clersins Sloearevhcra A een Gs 8. JF, NEG Ga Wee dis Selb in@ri, Way 
pise405 92358 (1957). 25S S Halt toniy. 2S: sJvos hiday M. Hia seis anw ay > hysiom 
Plant., 7,2, 283 (1954). 46S. Joshida, M. Hasegawa, Arch. Biochem. and Bio- 
phys., 70, 2, 377 (1957). 7°? Me’ xX acaras a, DT: Halk anwag-a, C. te ciupiayenia 
XO PHUbAkKAlicn, 39.0). 159) (1957)p ase a) Go Cranes) Ale Poni mucus Gen Comma ania 
Leite Oo eA bl. Williams, Biochem. J., 66, 2, 283 (1957) 190 Wee Ua drew heielam 
etn What kis, Ao GeaNieire ti, Canad. We Biochem. and Physiol., 35, 3, 219 (1957). 
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PEOJIOV'H Al 


YueH-Koppecnonjzent AH CCCP M. ©. MHPUMHK u P. O. XAUATPAH 


NAJIEOTEOrPA®HA BOCTOYHOM YACTH PYCCKOM MJIAT®OPMbI 
B KOHWE TYPHEHMCKOIFO BEKA 


Cpequ umpoKxoro Kpyra uccseqoBateneit (1,2,4,6,8), usyyaBuIMx HWKHeKa- 
{CHHOYTOJIbHbIe OTOKeHHA PyccKoH mMlaTpOpMbI, YKOPeHHJIOCb MHeHHe, Co- 
JIacHO KOTOPOMy MOCJIe BPeMCHM OTJIOXKeHHA KapOOHATHbIX NOPOA VepHbIIHH- 
KOrO NOMbApyca TyPHE HAaCTYNMJ PerHOHAJIbHbI KOHTHHCHTAJIbHbIM MepepbIB B 
\CANKOHAKOMJICHHU. OTOT NepepbIB, MpUBeUM K OCYLIeHHIO OrpOMHOM Teppu- 
‘OpHu MaTPOpMbl, OXBaTbIBaJl MHTePBaJl BPCMCHH, B TeYeHHe KOTOPOrO IWIO 


[aKOMJIeHHe OTMOXKeHHH Tpex 30H: CY“, C}—” uw C{-* zoneyKoro KapOoHa. Kak 


[SBECTHO, Ne€pBax M3 yKa3aHHbIX 30H, HMe€HHOC] “, napammenusyeTcA C KOCbBHH- 
KUM H3BeCTHAKOM (H €Fo BO3PaCTHbIMH aHaJlOraMH) 3anajHoro CKOHa Ypaua, 
Ojepxallum cbayHy cloep c Productus sublaevis Kon., rT. e. c moq30HoH Cy 
\Hrio-Beabrulickoro OacceliHa. 
_ Vsyyenue crpoenua uw ycJloBuli HakomeHHA HedTecoyep2Kalllux TeppureH- 
[bIX OTJIOXKeHHH HWKHerTO KapOoHa B Bouwro-YpasbcKoH OOMacTH MO3BO/MIO 
‘CTaHOBUTb, 4YTO BepBbIe BbIAeTeHHEIe B. M. Tlo3Hepom (3) B Kamcxo-Kunesb- 
KOH BoawHHe MO HaHMCHOBaHHeM MaJIMHOBCKOHM TOMLIN aHaslorM c10eB c Pro- 
uctus sublaevis umeloT wWIMpoKoe pacmpocTpaHeHHe MOUTH Ha BCeH TeppHTO- 
MH yKa3aHHOH OOsacTH. IIpu stom HanOow/lee WMpOKO pa3BHTbI NO MIOWLAaqH 
TAOMKCHHA HWKHEH YACTH ZTOM TOJIIH, Aa HMCHHO HHM2KHeMAJIMHOBCKHe CJIOH, 
, OObeME KOTOPbIX H PaCCMATPHBAIOTCA B HACTOALCM COOOLWLCHHH aHaJIOr CJ10eB 
Productus sublaevis. Bepxuaa rpaHvila HH2KHeEMaJIMHOBCKHX CJIO€B MPOBO- 
TCA 10J, mecuanukamu IV HedreHocHoro muiacta paspesoB Myxanosa u Ma- 
[MHOBKH. OTH CJIOM, MpeACTaBJIeEHHbIe B OCHOBHOM aprHJJIMTaMH H PIHHaMH, 3a 
KUM WCKJIOUCHHEM TOJCTHaIOTCA H3BECTHAKAMH CaMbIX BePXHHX, PaKOB- 
KHUX CIOeCB KH3e0BCKOrO TopH30HTa. BpiaBJIeHHbIe CTpaTHrpaduyeckHe COOT- 
[(OWICHHA, B COBOKYMHOCTH C JaHHbIMM JIMTOJOrMYeCKOrO COcTaBa KapOOHaTHbIX 
[ BbILMeeKAULHX TEPPHTeHHbIX MOPOX, CBASAHHBIX ObICTPbIM, HO MOCTeMeHHbIM 
(eEpeXOJIOM, a TaKXKe aHaJIM3a MOLLHOCTeli STHX OOPAasOBaHHii, CBHETEIbCTBYIOT 
TOM, UTO B KOHIe PaKOBCKOPO H Havase HWYKHEMaJIHHOBCKOIO BPeMCHH He ObwIO 
OHTHHEHTaJIbHOrO TMepepbIBa B OCaAKOHAKOMJICHHH MH pa3MbIBa PaHee OTJOKUB- 
mxca nopog. He cyulecTBoBas STOT NepepbIB HM Ha TeppHTOPUM, PacmoOr*KeHHOH 
lemocpeCTBeHHO K 3amayy u ceBepy oT Bouro-Ypambckoi oOuactH. OrcyTer- 
Me HWKHeMaJIMHOBCKHX C0eB Ha TOKMOBCKOM H GOoslbueli uactH KorembHn- 
eCKOFO CBOJa H, BO3MOXKHO, Ha 10>%KHOM Oopty [loqmMocKoBHOK BuayMHbI Cleqyer 
OBACHATh MocekyouleH UX TeHyAalueH, CBASAHHOM C MepepbLIBaMH HW Pa3MbI- 
AMM, MPOABJIABLIMMUCA B MpeBepXHeMaJIMHOBCKOe, MpeACTaMMHOPOpCKoe, a 
‘a CBOaX — H B CTaJIMHOropcKoe HM TysIbCKOe BpemA. Orcioga culeqyeT, TO B 
(MKHEMAJIMHOBCKOe BPeMA CYILECTBOBaJIO MOpe, MpOCTHpaBLeecH OT FOXKHOFO 
pba TloqmMocKoBHOH BNaQMHbI BIVIOTh WO Ypasa HW cooOmaBlieecA, MO-BUAU- 
(omy, uepe3 IIpukacnuiickylo BnayuHy HU Caparoscko-CramuurpaycKkoe IIo- 
omKbe c JlonenKuM Gaccelinom. IlostomMy HeOOXOAHMO CyelaTb BbIBO, O TOM, 
To Ha PyccKoli naTpopMe B eHHOM MOPCKOM OacceHHe OTMaraJIMCb He TOJb- 
O MOPOAb YepHbILIMHCKOTO NOAbApyca, H B TOM YMCe efO KH3eIOBCKOFO TO- 
M30HTa, Kak cnpaBeyiuBo curator JI. M. Paysep-Gepxoycosa (°) 1 M.C, L1[Be- 
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nop (8), HO H OTJOXKeHHA MOCHeqHero, HaHOosee MOMOZOTO wWieHa Ty pHeH— 
CKOrO IHKJla OCaKOHaKOMJIeHHA — HWXKHEMAJIMHOBCKHX CJIO€B. | 
B nomp3y pacumpeHus rpanvl, HwKHeMaJIMHOBCKOrO OacceHHa Ha sama 
B mpeembl TOKMOBCKOrO CBOJa, WIE LlentpabHolt monocnr M. C. Ilpenopa,, 
rOBOPAT B HepBy1O OVepeAb WaHHbIe O BeLLECTBEHHOM COCTABE, KOMIJICKCE cpay-- 
HbI H (pJIOPbI, CJIOMCTOCTH M APyrHX TeKCTYPHbIX OCOOeHHOCTAX MOpO HWDKHE} 
MaJIMHOBCKHX CJIOeB, a TaKKe — O Xapakrepe H3MeHeHHA HX MomHOcTeH. eli- 
CTBHT@IbHO, Ha TeppHTtopuu KamcKko-KuneyibcKoH BmaHHbl, HeMOCpeCTBeCHHO 
IIpHMbIKalouleii C BOCTOKa K TOKMOBCKOMY CBOJY, B HH?KHEMAJIMHOBCKHX CJIOAX,, 


54 
—? Fnasos 


Cc 
WEL 
fia eae 


Puc. 1. Ilameoreorpaduyeckaa KapTa BocrouHoH yactH PyccKol nuaTdopMbl HK HeMasITHOB 

ckoro BpemeHu. / — MOPCKHE aprHJIJIMTOBO-rIMHUCTHIC OTOXKeHUA, MOULHOCTHIO 2—10 m; 2 — 

MOPCKHE aPPHJIHTOBbIC OTIOXKEHUA C MPOCMOAMU KapOoOHAaTOB, MOUHOCTbIO Jo 180 mM; 3 — 06- 

NacTb, Pe PIMHUCTO-aprHJIUNTOBbIC OTOXKCHHA HWXKHEMAIMHOBCKHX CJIOeB PasMbITbI; 4 — Mop- 

CKH€ KapOOHaTHBe OTOMKCHAA KOCbBHHCKOPO MH KHHAePIMHCKOFO U3BeECTHAKA SaMaqHoro CKJIOHa! 

Ypana; 5 — o6nactb cylin; 6 — o6acTb cKaqyatoro Ypana; 7 — murodaunasbuble rpaHuubl, 
& — 3atlayuasn rpanuua Ypasa 


IIpeACTaBJICHHbIX TOHKOCJIOHCTBIMH aprHJJIHTaMU, B OCHOBHOM MOHTMOPHJIJIO- 
HHTOBO-FrHApOcJIOAMCTOrO cocTaBa, OTMe¥aeTCH OTCYTCTBHe MmpocsoeB yruiel,, 
IIpH3HaKOB aBTOXTOHHH CJIOpbl, IPHCyTCTBHe TOHKOH3MeCJIbYeCHHOrO PaCTHTeJIb- 
HOPO JeTPHTYCa, B OOMLEM MOXA COXPAHHOCTb CHOP, a TaK2%Ke XOPOMWad OKAaTAH- 
HOCTb H OTCOPTHPOBaHHOCTbh MHHepaJIbHbIX KOMMOHEHTOB [eC4aHO-aJleBpOJIN- 
TOBbIX TpocioeB. Bce 9TO yKa3bIBaeT Ha J\WIHTebHOCTb TpaHCNOpTHpOBKH 
MaTepHaJla B BOJHOH cpeyle, Ha OTHOCHTe/IbHY!IO YlaJIeHHOCTb MecTa HaKkOII- 
JI@HHA OCaqKOB OT OeperoBoh JIMHHH WM Ha CPaBHHTeIbHO CNOKOMHY1O 
rHpoyquHaMHyecKylo OOcTaHOBKy. | 

OTOT BbIBOA NOATBepxKAaercA TakxKe, mMpHcyTCTBHeM HiDKHeMaJIMHOBCKHX 
CJIOeB, MOLHOCTbIO 1—3 M, B palOHax, HaxoOfaujMxcA K 3anayy oT Kamcxo- 
KuHesIbCKOH BMaHHbI, a HMCHHO B Ppaspe3ax CKBaXKHH Y pMapcKol, YemMuHCKOH, 
Tat-Asenuuckoh, YabsaHoBcKOl, BapsiMHcKow u Apyrux mulomayeli, pacno- 
JIOXWKECHHBIX Ha BOCTOUHOM TOrpy2xXeHHH TOKMOBCKOrO CBOa, B Mpesesax mpaBo- 
Oepexkba p. Bousru. 

C HMXKHEMaJJMHOBCKOTO BpeMeHH Pycckan mulaTpopMa B WeOM Hayaua HCc- 
IIbITbIBaTb KPYNHbIM NOAbeM, B KOTOPHbIM OCOOCHHO HHTCHCHBHO ObWIH BOBJICUCHBI 
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KpaHHue ceBepo-3anayHble H CeBepHble ero palioHbl, re pacnowlaraucb ucToU- 
HHKH CHOCA, MOCTABJIABIIMe B OOHJIBHOM KOJIHUeCTBeE TeppureHHEli MaTepnad. 
Oror oO nokbem TeppuTopnu maTpopMbI BbIsBaV COKpallleHHe pa3MepoB 
BEPXHEKH3CJIOBCKOrO MOPCKOrO OacceliHa HM O3HAaMeHOBa co6oli HacTymeHHe 
perpeccHBHOH (da3bl TypHelcKoro WHKJIa OcayKOHakoneHHua. 

Ha o6iem (poue BbIleykasaHHOrO KpynHOro Toybema Pycckon miatpopMp! 
MMe€JIH MecTO Oojlee MeIKOrO NOpsyKa LuddepenunpoBaHHbie BOJIHOOOpa3HO- 
KOeOaTeIbHble JBWXKeHHA, KOTOPHIe HM Mpesonpesenuiu cnewupuyeckue oco- 
O€HHOCTH OCALKOHAKOMJeCHNA HH2KHEMAJIMHOBCKUX CJOCB B paavIMUHbIX uacTAXx 
eauHoro OacceliHa. 

B mpegenax Kamcxo-KunejbcKoli BuaxuHbl, MopPouornueckH BbIpAKeHHOIt 
B PaKOBCKOe BpeMa, HO OacceliHa NosBepraocb HHTeHCHBHOMY norpyxxeHHto, 
MO BC€H BeCPpOATHOCTH, He MOJIHOCTbIO KOMMEHCHPOBAaBINeMyCA HaKOIJICHHeM 
‘HHXKHEMAJIMHOBCKHX CJIO€CB, MOULHOCTh KOTOpHIX ocTHraer 180 mM. Ipu sux 
yCJIOBHAX Oba cosfaHa OOcTaHOBKa OovIbIUeH ryO6OKOBOLHOCTH, UTO H Oula- 
TONPHATCTBOBaIO IHPOKOMy pacceJIeHHIO NpeAcTaBuTenei pasvIMUnBIX rpynn 
JOHHOH dayHbl. OHako 97TO NOrpyxXeHHe HeOHOKPaTHO cMeHAVIOCh nepH- 
OaMH OTHOCHTEJIbHOFO NO/beMa Ha OacceliHa, compoBoxaBuieroca ero O6Me- 
JI@HHeEM, HEKOTOPbIMH OIpeCHeEHHeM HM H38MCHCHHEM CO/IeBOrO pexkKuMa, Y4TO 
OTYETIIMBO PUKCHPyeTCA COCTaBOM UCKOMaemoli cbayHbI, cpeqH KOTOpPO!i B oT- 
CJIbHbIX MpOCOAX ABHO MpeoOasawT SBPHTaIMHHbIe (pOpMbl. 

Bue 9ToH BNaHHbI, Ha CMEXKHBIX Cc HEH TOKMOBCKOM HU TatTapcKoM cBOojax 
3anaqHOK uacTH CpeqHeBOJKCKOTO CBOJa, TOCMOACTBOBAaBLUIHMH JBHxKeCHHAMH 
Ha Oaccelina ObwIH BOcXOZaINe. B npefeaxX yka3aHHbIX CBOJOB B TeYeHHe 
‘BTOPOH NOJIOBHHbI HHYKHEMAJIMHOBCKOrO BPeMeHH Mmpollecc CeAHMeHTAILHH MOJ- 
Wep2xKuBaJIcCAd Ha TpaHHlle MeJWIeHHOrO OCaKOHAKOMJIeCHHA HM mpecbaaroulero 
‘Hajl HUM pa3MbiBa; B STHX YCJIOBHAX B Ppa3spe3axX COXPaHHJIHCh HEOOMbIWUON MOLL- 
‘HocTH (2—10 M) apruJJIuTbI HHYKHEMAJIMHOBCKHX CJIOeB. 

 CpaBHUTeJIbHbIM aHaJIH3 JIMTOJIOrMYeCKOrO cocTaBa NOpof, XapakTepa UX 
CJIOHCTOCTH HM TeKCTYPHbIX OCOOeCHHOCTeH B CO“eTAHHH C BePTHKAaJIbHbIM Ppac- 
peseieHneM ayHbl HW (JIOpbl HHXKHEMAJIMHOBCKHX CJIOeB, C OJLHOH CTOPOHBI, H 
BepXHe€MaJIMHOBCKHX CJIO€B H CTaJIMHOFOPCKOLO FOpH3OHTAa, C Apyrou, CBUAeTeb- 
CTBYeT O JlaJIbHeHWIeEM COKPauLeHHH MOpcKOrO OacceliHa HW BCe Oolee YCHJIMB- 
‘MeMCA PaSBUTHH PerpecCHBHbIX YCJIOBHU OCALKOHaKOMJIeCHHA B PAHHEBH3eHCKOEe, 
“TOUHee B BePXHeMaJIHHOBCKOe H CTasIHHOrOpcKoe BpemsaA. Onako OOmlaA pe- 
“rpeccus OCJOXKHUAaCb, TO KpalHelt Mepe, ABYMA MOMe€HTaMH KPaTKOBPeMeHHOH, 
)MMeEBINel YaCTHDIN XapakTep (Oomee MeKOrO NOpsAKa) Tpancrpeccnel Oacceli- 
Ha. STUM MOMCHTaM COOTBETCTBEHHO OTBEYAIOT HayaJIbHbIe CTaqUM BepXHemaJH- 
“HOBCKOrO H cTaJIMHOrOpcKOro WHKJIOB CeAMMeHTALLHH. 

: B cBa3u Cc mpodoumKaBlUlelica perpeccvel OacceliHa C BepXHeMaJIHHOBCKOrO 
‘BpeMeHH HaMeuaeTCA TEHJCHILMA K BbIBOLY H3-N0 yYPOBHA MOPA 3HANHTeJIbHbIX 
-repputopuii, PacnOJIOXKeHHbIX K 3anay u cepepy or Bowro-YpapceKot 06- 
macTtu. B o6mux “eprax 9Ta TeppHTOPHA, OXBaTHBIWAA MIOULatW TOKMOBCKOrO 
u KorebHuueCcKOrO CBOJOB H NPHMbIKatoulHX K HHM C 3amayla H ceBepa OOa- 
i creil, B BePXHEMAJIMHOBCKOe HM CTaJIMHOrOpCcKOe BpeMA MpeBpPaTHacb B Cyly, 
'B npesenax KOTOPO He TOJbKO He HakallJIMBaJIMCb HMKHe-BU3eHCKHe OCcajIKH, 
HO M paspyllaJIHCb OTMOXeHHA H2KHeMAJMHOBCKUX COEB H Ooslee ApeBHUX 
(rOpH3OHTOB TypHelicKoro spyca. TakuM OOpa30M, B BepXHeMaJIMHOBCKOe H 
!cTaJIMHOrOpcKoe BpeMA C OTCTYIJIeHHeM OeperoBoH JIMHHH Ha BOCTOK H 10r OT- 
bMeuaeTcaA NObeM UM MpHOsIMxKeHHe CylH K OacceliHy, MOKPbIBaBLIeMy CBOHMH 
fBojlamu Tepputoputo Bosro-YpabcKol OOaCTH, a Tak?Ke PalOHOB, PacsOv10- 
}KCHHBIX BOCTOUHee H loxwKHee 9ZTOM OONacTH. M3meHeHHe ouepTaHHi Gepero- 
BOM JIMHUH COBepmalOcb OMHOBPeMeHHO C MporpeccupyioulMM OOMeJIeHHeEM UH 
OMpecHeHHeM BePpXHEMAJIMHOBCKOrO, a B adbHeHWICM HM  CTasMHOFOPCKOTO 
6accelina. C BO3HHKWeH maseoreorpaduyeckoH OOcTaHOBKON cJleyeT CBA3bI- 
BaTb XYJIIY!IO OKATaHHOCTh H OTCOPTHPOBaHHOCTbh KBaPIeBbIX 3epeH, HasINuHe 
KaOJIMHMTOBOrO MaTepHaJla B CocTaBe TvIMH, peskoe OOeHeEHHe KOMMJI€KCa MOP- 
icKoli (payHbl, MPHCyTCTBHe MPH3HAKOB aBTOXTOHUM PaCTHTEbHOCTH, MPOCJO€B 


11% 739 


ylvld WM OOJIbUIOTO KOJIMYeECTBA XOPOLIO COXPaHHBUIMXCA 3JIEMeHTOB JpeBOBHI- 
HOH (plOpbl, CHOCMBUIeHCA c OJIH3KO HaxOJuBUelcA Ha 3anmaqe MH CeBepe CYyLIH, 
B OTJOXKCHHAX BePXHEMAJIMHOBCKUX CJIO€B M CTaMHOrOpcKOrO ropH3oHTa. Ira 
*%Ke OOCTAHOBKa BbI3BaJIa OOpa3s0BaHHe OTMeJeH H pxAJa HeEOOJbIUMX OCTPOBOB, 
pacnowlaraBLUHXxCA TvlaBHbIM O6pa30M BAOb SeperoBolt JIMHHH, B OOJIbIeM WIM 
MeHbIeM ylaJIeHHH OT Hee. 

M3 Bcero CKa3aHHOPO BEITeKaeT, UTO AOTYIbCKHEe TEPPHFeHHbIe MOPOTbl HWXK- 
Hero KapOoOHa JOJKHbI paCCMaTPHBaTbcA KaK OOpa30BaHHA, OTMOKMBIIMECA 
B OOujeperpeccHBHbIX YCJIOBHAX OCca[KOHAaKOMJeHHA. 


Muctutyt neptu Ilocrymus10 
Axaylemun HayK CCCP 5 VIII 1958 
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Joknaaygn Akangemuu Hayk CCCP 
1958. Tom 123, Ni 4 


MHHEPAJIOTH# 


X. C. MAMEJIOB uw akagemuk H. B. BEJIOB 


O KPHCTAJWIMYECKOH CTPYKTYPE PHJIJIEBPAHIUTA 


J\iA 3HAYHTeNbHOTO UMCJIa KaJIbIIMeBbIX CHJIMKaTOB M TH pocuMKaTOB Mpo- 
AYKTOM HX TepMHyecKOli oOpaOorKu upx 700—800° sBasioTcs BowloKHa B-Bou- 
JlacToHuTa CaSiO3, KOTOpble OpHeHTHpOBaHbI MapaswienbHO ocu 6 = 2-3,65 A 
TlOcJIeAHerO, MH 9Ta OCb OOBIYHO COA BOJIJIACTOHHTY HW NepBOHaYaJIbBHOMY CHJIHKaTY. 

H3 payja Haumx pador (1%), ogHaKo, caleqyeT, uTO pH ruy_porepMasIbHOM 
(pHpOAHOM, JIadopaTOpHOM) cuHTese Ca-(rHj{po)CHJIMKaTOB OCHOBHbIMH CTPOHTeIb- 
HbIMH OJIOKAMH SABJIAIOTCA He BOJIJIACTOHHTOBbIC +KPeCMHeKHCJIOPOAHbIe WeMOuKH 


3 [SiOg]lo = [SizOg]& , HO HeCKONbKO Govlee CIOXKHDIC, BOSHHKAIOULHe pH CqBOe- 


HMM BOJIJIACTOHMTOBbIX WemoyeK, c cbopmyviol [SigO,,]e.. [lo umenm mpocreii- 
mero MHHepasia, re OHH YCTaHOBJIeHbI BilepBble (1), STH WeNOUKH H3BeECTHbI Kak 
KCOHOTJIMTOBbIe. B MuHepasiax Ca-(ruypo)cusiMKaTOB OHH (burypupyloT sIM60 B He- 
H3MCHCHHOM BHJe (KCOHOTJIMT, (owaruT (°), JIOX9HHOPTOBCKHH TOOepmopHT (°)), 
M60 KOHJCHCHpyIOTCA B CeTKH (OKeHHT, TOOepMopHT (?,*)), rae MepBOHaYaJIbHbIe 
KCOHOTJIMTOBbIC HHTH COXpaHAIOT CBOIO OpHeHTallHio HW MIpH TepMHyecKOH OOpa- 
OoTKe MpeBpalllaloTcA B OPHeHTHPOBaHHble BOJIOKHA C «OJ[MHADHBIMM) BOJIAaCTO- 
HHTOBbIMH WemouKaMH (°). 

IIpuH Hu3KOTeMMepaTyPHbIX THAPOTePMAJIbHbIX CHHTe3aX (KOTe/IbHaA Ha- 
KHIIb) BeCbMa XapaKTepHbIM HM YacTbIM HposyKTom (cp. cxemy Bepnana Aus 
Ca-ruqpocuiukaToB, Hampumep B (°)) ABJIaeTCA ruseOpaHANT. OcoOeHHo sler- 
KO OH Bbilajaer B yCOBHAX H380bITKa Ca(OH),2, Oomee Toro, Maer Cc MOCceqHUM 
OPHeHTHpoOBaHHble CpacTaHHaA. 

TusneOpanqut — urouibuaTbli WH OHOBPeMeCHHO CJIOMCTHIN MUHepas (Cc Co- 


BEPIICHHOM CmaiHOCTbIO BAO/Ib OCH HFOJIOK), HO pe3KO OTMMYAeTCH OT OKCHHTA 
‘M TOGepMopHTa, B YaCTHOCTH, TeM, YTO He JaeT Mpu TepMuyecKOl oOOpadoTKe 
OPHeHTHPOBaHHOrO BOsacToHHTa (°), a Mex ly TEM W3 TpeX MapaMeTPOB AYCHKH 
THseOpaHazuta (5) Ba TOUHO cOBMaaloT C COOTBETCTBEHHBIMH TapaMeTpaMu 
-KCOHOTJINTA: 


KcOHOTJHT Tusne6paHyqut 
a= 16,6, D=7,26, c=7,0A a= 16,6, 6=7,26, c=11,85A 
Z = 2CagSigQ17 (OH)2 = 12 {CaO- SiO2+1/sH2O } Z = 12 {2CaO-SiO2+H20}. 


[lapayoxe — HecoMHeHHoe yyacTHe B FHJeOpaHAMTe KCOHOTIHTa H HEBOJI- 
JlaCTOHHTOBOrO IIpOyKTa TepMHYecKOrO pacnasa — PaSbACHACTCA BECbMa IIPO- 
CTO, CCH MpOusBecTH Ba BbIYHTaHHA: XMMHYECKOFO COCTaBa KCOHOTJMTA U3 
cocTaBa rueOpaHAuTa HU JByX HeCXOJHbIX MapaMeTPOB C. 

IIpu nepsom Barautanuy (onycKas 1/, H2O) MbI HMeeM B OcTaTKe 12 Ca(OH), 
mpu BTopoM Ac = 4,85 A, u Kak pas 4,89 A sBuneTcA MapaMeTpoM C B TeKCa- 
roHasibHO cloucTol crpyKType noptiansuta Ca(OH).. ‘ 

Topu30HTaibHbId NapaMeTp sAueHKH Ca(OH)2 coctaBaser 3,58 A, T. e. pa- 
BeH mOsOBuHe Mapamerpa 6 B KcoHoTuNTEe. IIpuBeyeHHbIe NapaMeTPbI OTHOCATCA 
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K MMHMMaJIbHOu (c OHO «MOeKYyJON») AYeHKe NOPTMaHANTA. Ecu1H MOCTpOHTb 
pomOuueckyio sueliky c 12 Ca(OH), 7. e. 25 X 36 V 3xc, TO MbI MOy4yHM 7,2 X 
x 18,6 x 4,89 A’. Tlapamerp c nomyunica OO/IbLIMM, YEM B  KCOHOTJIUTE 
(16,6 A), HO B noprmaHuTe Bce Ca-KaTHOHBI B OHOH MJIOCKOCTH, TOra Kak 
B KcoHOTMMTe (puc. 1) Ca-KaTHOHbI pacnOJlaraioTcA B TPeX MJIOCKOCTAX, HOPMavIb- 
HbIX K C. | 

Takum oOpa3oM, suelika ruueOpaHyuta cocTaBJlIeHa YepeyIOULMMHCA CJIO- | 
SMM KCOHOTJHTa M moprilaHquTa. Oro He cekyer NOHHMAaTb OYKBaJIbHO. Kak | 
BUHO u3 puc. 1, AIA rusMeOpaHAUTa MO CpaBHeEHHIO C KCOHOTJIMTOM XapaKTeP- | 


O Ca ue 


Puc. 1. Kpucramamueckan cTpyktTypa ruameOpanzuta 


HO TO, YTO IL€HTPaJIbHbI cOH c AByMA WenouKkamu [SisO17]. uMeer 10 «coOcT- 
BeCHHOMYy» CJIOIo Ca-KaTHOHOB Kak CBepXy, TaK MH CHH3Y, TOra KaK B KCOHOTJIHTe 
culo 3 KaTHOHOB Ca Bcera IPHHaAeKUT ABYM IWeHTpaJIbHBIM CIOAM C [Si 6Q17 lo# 
menoukamu. B jonojmHeHHe K prc. | mpHBOAHM cxemy rusMeOpaHynTa: 


Ca Ca Ca 
SigQi7 SigQ17 | KCOHOTJHT 
Ca Ca Ca 


Ql al 7 
6H On | nNopTAaHAUT 


Ca Ca Ca 
SigQi17, — SigOy7 | KCOHOTJUT 
Ca Ca Ca 


coBepimleHHadA cmauHocTb 


Tlo cepequne clOA NopTiaHANTa, BOWeUero B rHWIeOpaHANT, MpOXxOLUT 
WJIOCKOCTbh COBeplieHHOH cmakHoctu (001). 

CrpyktTypa XOpoulo OObACHHeT 3aKOHOMePHbIe CpacTaHHa rusMeOpanyura 
(C HNOPTMaHAUTOM MO yKa3aHHOH MVJIOCKOCTH, a TakKyKe mpopacTaHusa, eculM mocne 
He OJHCrO, a HECKOJIbKHX MPOMeXYTOUHEIX culoeB Ca(OH): cHoBa BoccTaHo- 
BHTCA pocT rHeOpaHynta. 

Tloqo6Ho Tomy Kak oOpmHO Ca(OH)2 HaunHaer JuccounupoBaTb mpu 550°, 
Tak IpH TOM we TeMMepaType HayMHaeTcA pacnay H rHANeOpanyuTa no ypas- 
HeHHIO: 

550° 


Cay2 [SigQ17]2 (OH)4-12Ca (OH), —-—> Cara [SigQ17]2 (OH)4 + 12CaO+ 12H20 
142 


¢ TeM, 4TOOBI Mp Gosee BLICOKOM TeMNepaType MpeBpaTHTHCA He B OPHeHTHPOBaH- 
HbIC BOJIOKHA BOJIJIaCTOHHTa, HO B HeOPHeHTHPOBaHHbI Ca-oprocusuKar: 


Cae [SigQrz]2 (OH)a + 12CaO > 12Caz [SiO,] + 2H,0. 
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NETPOrPA®H § | 


| 
nl. B. 3APHULKUA | 


BAPHTOBbIE KOHKPELLMH B KHEBCKOM MEPIEJIE JOHBACCA 


(ITpedcmaeaeno axademuxom H. M. Cmpaxoeoim 10 VII 1958) 


B oreyecTBeHHOl HW 3apyOexHOH sMTepaType HMeIOTCA MHOFOUHCJICHHbIe 
yKa3aHHA Ha HaXOAKH KOHKpelMi TAKeOFO WMaTa B OTJOMKCHHAX Pa3/IMYHOTO 
BO3pacta (B TOM UHCIe HM B COBPeCMeHHbIX MOPCKHX OcayKax) (1, * ®, 1%, 1%, 1827). | 
OyHako B KHeBCKOM Mepreue J[Henpo-JloHenkOH Buaquubl H JlonOacca, HaCKOJIb- 
KO HaM H3BeCTHO, OapHTOBble KOHKPelHH He ObIJIM ONHCaHbI H HE YNOMHHAJIHCH. | 
V3 KOHKPelHOHHbIX OOPa3s0BaHHH OTMeYaJIHCh JIMIMIb CocsopHToBble *KeJIBaKH, | 
pa3BUTble B CaMOH BepXHeli YacTH TOMUIM KHeBCKOrO Mepresisa (1°, 34). 


Puce. |. BuewHul Buyg_OapuToBbix KOHKpenuli 


Ha HaxoxJleHve KOHKPellHi He€yCTaHOBJICEHHOFO COCTaBa B OCbINH KHeBCKOrO 
Mepresia B Oake Cyxooul Haule BHMMaHHe OOpatuau II. HM. Jlyuxui uM. SH. 
Baauk (tpect «Jlyrauckyrereosorna»). 

Jlerom 1957 r. aBTop noceTH yKa3aHHbId paHoH u coOpas SombUI0e UHCIO 
KOHKpelluii He TOJIbKO B Oaske Cyxojfou, HO Hu B Oamkax Kaagzonol u Ky3muue- 
BOH (MpH4eM B MOCJeHAX KOHKPellH OblWIH OOHAPy2XeHbI B KOPeCHHOM s3aviera- 
HHH), MpopesaiouluxX NpaBLli KpyTOH CKJIOH JOMHEI p. Ces. Jone B palione 
c. Ilonopkxa, 8 40—45 xm kK wro-BocToky or r. Jlyrancka. B Tomme ofHOpor- 
HOFO MepreviA BHAHMOM MOULHOCTbIO 25—27 M KOHKPelHOHHbIe OOpas0BaHHA 3a- 
KJIOUCHBI B JIByYX rOpH30HTax. OcHOBHaA Macca HX cocpesOTOUeHa B HH2KHeM To- 
PH30HTe — y3KOH 30HeE MepreJA MOLLHOCTHIO 2,5—3 M mpHMepHo B 20—23 
or ero KpoBuin. Bomee OeeH KOHKpel\HAMH (K TOMY %Ke HeEOOJIbUIOTO pasMepa) 
Apyrou, Takxke OrpanHvyeHHblii HHTepBas paspesa (1,5—2 Mm), pacnosararouuiica 
B 12—13 M or kposuu. B pyrux uacTax paspe3a KOHKpelluu, KaK paBuuio, 
OTCYTCTBYIOT. XapaKTePHO, YTO UH B OCHINH KOHKPelLHU HaliJleHbI TOMbKO TaM, rye 
OOHaxKaloTCA yKa3aHHble ropH3o0nTHl. Ilo dopme KOHKpellHH WapOBHAHEIe WIK 
SIJIMMCONAaIbHbIe, OOBIMHO HECKOJIbKO CIJIOCHYTLIC MO BepTHKaJIbHOH ocH 
(puc. 1 u 2). Pexe BerpeualoTcs yAJIMHeHHBIe MaJIbILeBHHBIe HU JIeMeLIKOBHIHBIe 
(pOpMbI HW CpOcTKH AByX COceAHUX SJVIMMCOMJasIbHbIX KOHKpenui. TlopepxHoctb 
KOHKpell\MH — poBHas, Tuiagkan. Ilepexoq Ko BmMellatouei nmopofe peskui; 
OHH JlerKO BbIOMBAaIOTCA M3 MOpoOsbl. PasMepbI KoNeGMOTCA B Mpesenax or 2— 
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3 Wo 15—20 cm. PacnonaratoTcH KOHKPellWH JJIMHHbIMH H3MepeHHaAMH TopH- 
30HTAJIbHO. 

B H3JIOMe KOHKPeLWH OTHUAIOTCA OT CBETJIOH 3€ICHOBATO-roJlyOOBaTOH Me- 
JONOAOOHOH BMelaouleH NOpoOAbI Oomee TEMHbIM WBETOM, OOJIbINeH MJIOTHOCTHIO 
WM TBepOcThio. XapakTepHbIM JIA Oovb- 
HWIMHCTBa KOHKpellHi ABJINeTCA HaMuHe 
PadvaJIbHbIX BbIKJIMHHBarOUlHXCcA kK ne- 
pudepHu TpeuiHH coKpaileHua. Pexe 
BCTpeyaloTcA TPellMHbI Apyrux HampaB- 
JleHui (puc. 3). B TOHKHX YacTAx TDpe- 
ILMHbI COKPalleHHA HalleJlO 3anOJIHeHbI 
OeclBeTHbIM BOJAHHCTONPO3payHBIM 
3epHHCTHIM OaputTom. B mecrax pacumu- 
PeCHHA TPeWHHbl 3HAIOT, CTCHKH HX M0- 
KPBITbI M@JIKHMH TIpH3MaTH¥YeCKHMH 
TaOJIMTYATHIMH KPHCTaJJIMKaMu Sapna. 
Auvasloruunad KapTuHa HaGOulojlaerca u 
PH HaJIM4HM B KOHKpelHAX HeOOMbIUIAX 
0 OObeMy WeHTPaJIbHbIX MONOcTeL (cM. 
puc. 2). 

IIpH MuKpockonHyecKOM U3y4eHHH 
B TOHKHX WlW1Mdax ycTaHaBJuBaeTca 
pauaJIbHO-JIyuHcToe cbeposuTOBOe 
CTpoeHHe OCHOBHOM MacCCbI KOHKPEeILHH. 
B noJIspH30BaHHOM CBeTe BOJIOKHHCTHIC 
KPHCTaJJIbI OTJIMYaIOTCH HH3KHM JBy- Puc. 2. Llexrpambuple nosocTH B KOHKpelA- 
NpeJIOMJICHHEM, TIP AMbIM yracaHHeM H AX, CTCHKH ac MOKPbITbI BTOPHUHbIM 
IPOABJIAIOT MOJIOMKUTCIbHBIN + XapakTep Pe te 
TlaBHOH 30HbI. M3yyeHue B HMMePCHOHHEIX XKUAKOCTAX OOHAPYKUBaeT THMHY- 
HBIe JWId Oaputa onTHuecKue CBOMCTBa KOHKpellveoOpa3yloulero MHHepauia. 

B OcHOBHOH OapHTo- 
BOH Macce BCTpeyaloTcA 
OOJIOMOUHBIE ~=—- YI /IOBaTTbIe 
3epHa KBaplla, Oevlon 
CJOAbI, PpeXKO moeBoro 
tinaTa HW rlayKOHHTAa aJle- 
BPHTOBOH Ppa3sMepHOCTH Hi 
MeyIKHe HeonmpeyeJIHMbIe 
rJIMHUCTbIe YacTHUp. B 
lJIM(be Bcerya MOXKHO BH- 
JI€Tb B OOJIbILICM JIM MCHb- 
INIeM KOJIHUeCTBe KapOoHa- 
TbI KaJIbluaA B BHe MpH- 
CbINKH M@JIKUX 3epeH HIM 
X JIOMbECBHAHBIX arperaros. 
M3 opraHMyecKux octTarT- 
KOB OObIUHO BCTpeualoT- 
CA MepeKPHCTaJJIM30BaH- 
Puc. 3. Tpemuntt cokpamenus B Tene KonKpeunii, sanon- HbI€ XOPOWO COXPaHHB- 

HEHHbI€ BTOPHUHbIM OapHTOM WHecH PaKOBHHKH qopa- 

MHHHdep, pewqKve cnuky- 

jibt Ty6oK, paguonapuu. Tipu stom He wHaGmioqaeTca KaKuXx-JIHO0  CueLOB 

MeTaCOMaTHUeCKOrO 3aMeleHHa KapOoHaTa Kabila Oaputom. Uacro Berpe- 

yaioTCA 3e€pHa H arperaThl 3epeH cy JbPuLOB mele3sa, POCCHIM3UPYIOWNX Opra- 
HUUeCKHe OCTaTKH WIM BHE BCAKOH MpHypOyeHHOCTH K MOCJeHHM. 

O6pemuniii Bec KOHKpelui paBeH B cpefHeM 3,62, uTO C yHeTOM HaJIMyHA 
OTMCUCHHBIX BbIMe JIerKHX WpHMeceH OM3KO K yJebHOMy Becy Oaputa. TBep- 
jlocTb HeBbIcoKad — mopsqKa 3,5 (m0 wKave Mooca). 
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O XHMHYeCKOM COCTABE OMHCbIBACMbIX KOHKPellHH MOXKHO CYAHTb M0 MpHBO- 
JMMOH 3yecb Ta6u. 1. M3 Hee BUAHO, YTO KOHKPeCLHH XapaKkTePH3YIOTCA BbICOKHM 
coylep»Kanvem BaO (56,68%) — B mepecueTe Ha cysIbtpaT Oapua 9TO COCTaBAeT 
86,30%. B oryembHbix oOpaslaxX KOHKpeluli cogepxanue BaSO, ocruraer 
93,50 wu yaxe 96,01%. B 9TomM OTHOMMeHHH OHH OJIM3KO HaMOMHHalOT KOHKPpe- 
ILM TAMKEIOTO WMATA, OMMCaHHbIe B IOPCKHX OTMORKeHHAX CapaToBcKorO 3a- 
BouoKba B. C. Bacnsapbesnim (1) wn H. MW. Huxouaespi (°). Hapsdy co cryyaaMu 
paBHOMepHOoro pacmpeyeenuaA CyJbata OapHaA B Tele KOHKPel\HM MMeIOT 
MeCTO MH KOHKpellHM C 3aMeTHOM KOHWeHTpalveH BaSO, B nepHdepuyeckou 4a- 
CTH, TOra Kak IeHTpaJibHad HX YaCTb MaJIO YM OTJIMYAeTCH OT BMelLalolleHn 
MOpObl — Meprevia. 

C IeubiO BIACHEHHA BOmpoca 06 HCTOUHHKe OapuA JIA OOpasoBaHuA KOHKPe- 
HH WU MpW4yHHaX MPpHypOveHHOCTH MOCJIeHHX K OMNpPeeJICHHbIM FOPH3OHTaM 
TOJIMLH KHeBCKOFO MepresxA OblWIO MpOBeeHO H3y4eHHeE cOsepxKaHHA OapuAa BO 
BMelLalOllHX KOHKpeluu moposax. Cnek- 


eee TPaJIbHoe UccIeEOBaHHe OOpa3slloB Mep- 


Cogepxanne, % reid, B3ATbIX Yepe3 3M, NOKASbIBaeT HE- 
“pmemaio- | Ss PABHOMepHOe pacmpeseseHne OapHA NO 

mastiopoya | KOuKpelHH 
paspe3y. MurepecHo nofuepKHyTb, 4TO 
BaO =r 56,68 HAMeUaIOIILHeCAH OTYCTIMBO YBa MaKCH- 
ey 0,05 30, 43 MyMa B cOjlepxKaHHH OapHaA B mopose 
eo wie ae COBMajlaioT C YKa3aHHbIMH BbILWe TOpPH- 
CO, 23,90 3,96 3OHTAMH, 3aKJOUaIOWIHMH KOHKPelHH. 
Fe,O3 CreqopatTesIbHO, KOHKPelHH ABJIAIOTCA 
AMO; 9, 30 3,28 pe3yJIbTaTOM HHTCHCHBHOPO Nepepacipe- 
ae 34. 84 <i WesIeHHA WM KOHIEHTpalluH pacceAH- 
Turpockonnyeckaa HOrO B MeprevJe OapHa B OT]CJIDHBIX 
BJlaKHOCTH 0,60 0,24 TouKax mMopozp. B ropH30HTax Meprevia, 
oOorallleHHbIX OapHeM, B 9THX Mmpolec- 
‘Cymma 98, 86 99,59 CaX yuUaCTBOBaJIH OOJIbuIMe MaccbI eFo, 
OOpemubIii Bec re 3,62 yuTO MIpHBOAMIO K cbopMHpoBaHuto 


3HAYHMTeIbHOrO KOJIHYeCTBa KOHKpelHH. 
B ropu30HTax, OTHOCHTeJIbHO Oosiee GeMHbIX GapHeM, Tak»Ke He HCKJIIOYeHAa BO3- 
MOXKHOCTb efO MHIpallHH, HO 3aMeTHBIX KOHUeCHTPallult, BBUAy HH3KOrO HCxOo]- 
HOTO COJepxKaHHA, OOPasoBaTbca He Morvio. IlosToMy B Ha3BaHHbIX YaCTAX pa3- 
pe3a MOPKHO O*KUaTb HaXOMKJECHHA JIMLIb CIMHHYHBIX M@JIKHX OapHTOBbIX KOH- 
KpelluH. Okpyruad wapoBHHad WIM IJIMMCOnAabHad (bopMa NoaBJIAIOULerO 
OOJIbINMHCTBA KOHKpel\HH OOyCOBJeHa OHOPOAHOCThIO TeKCTypbI (OTCYTCTBHE 
CJIOMCTOCTH) Mepredsn. HaOmoatoulaica OObINHO CIJIIOCHYTOCTh KOHKpeluit m0 
BePTHKaJIbHOH OCH yYKa3bIBaeT Ha KOJWJIONaIbHOe COCTOAHHE HCXOAHOTO KOH- 
KpelMeoOpasyroulero MaTepHawia. O6 9TOM CBU JeTeIbCTBYIOT TaKKe pallMaJIbHO- 
JIyUHCTOe CTpoeHHe OapuTa, a TaKXKE WIHPOKOe pa3sBUTHE B Tele KOHKpellult Tpe- 
WMH COKPalleHHA, OOPasOBaHHe KOTOPbIX CBA3AHO C YCbIXaHHeEM UM PacKpUcTaJ- 
JIM3aNeH MePBHYHO KOJWIONaIbHOTO BelleCTBa KOHKpellHeoOpasoBaTeA. 

Bce 9TO BMecTe yKa3bIBaeT Ha 3HAUHTEIbHYIO OOBOAHEHHOCTh Cpedbl, B KO- 
TOPOH (OPMMPOBaJIMCh KOHKPellHH, APyrMMM CJIOBaMH,— Ha paHHesuareneru- 
yYeCKy!0 IIPHpOAy ONMHMCbIBaeMbIX OapHTOBLIX KOHKpewHH. IIpucyrerBue B Tee 
KOHKpel\HH CyJIb(HAOB Weesa — THNMYHO [MareHeTHYeCKHX OOPas0BaHHli B 
OCaQOUHbIX TNOposax — Tak%Ke BeCbMa MOKa3aTeJIbHO. 

B ocaqok KHeBcKoro Mepreia OapHit nocTynad B BAe npakTHuecKH Heno- 
ABWKHOLO CyJibtpata. Pemurpall{us ero B xojle HareHesa MOrsa OCYLLECTBAATHCA 
B OMKapOOHaTHOH (popMe c noceLyIOulNM BbINaeHueM (Ha STOT pas y2xKe B OT- 
ACJIbHBIX TOUKAX OCaKa) CHOBa B Buse cysbdata. IIpucyrerBue CaCOg,, no 
®. B. Uyxposy ('*), cnocoOcrByer MecTHOH KoHIeHTpallun cybpata Oapua. 
HaxowkeHwe anasloru4uHbixX NO CocTaBy KOHKpeltuli B COBpeMeHHbIX MOPCKHX 
ocaykax (*) ABJISeTCA KOCBeHHbIM MOATBEPXKTCHHEM Halllero BHIBOLA. 

Bapuroppie KOHKpelHH B Me3030/iCKUX OTMO*KeHHAX Pycckoit JIaT(OPME!, 
HapAy C KOHKpellMamu uHOro coctaBa, A. E. Mepeman (!3) u A. B. Camoitnos 
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(°°), a 3a HUMM HW Apyrue uccmeqoBaTemn (°) paccmaTpuBaJlM Kak OOpa30BaHHs 
MarenHeTHyecknHe. 

OOpasoBanue Oaputa MpoucxosNNO U NOsx*Ke, B CTaqMIO NO3qHerO WHareHe3a 
ocajlKa (BO3MOXKHO, STMreHesa), O UEM CBHJETEIBCTBYIOT BbIZeeHHA ero 10 Tpe- 
WiHHaM cenTapHi. BecbMa JIOOOMBITHO, 4TO OapuT ABJAeTCH €HHCTBCHHBIM 
MHHEpaJIbHbIM HOBOOOPas0BaHHeM B KOHKPellWAX, YUMTLIBAA TOXRKTeCTBO cocTa- 
Ba MHHECPaJIbHbIX BbINeIeHHH MO TpelllMHaM C OCHOBHOM Maccoii KOHKpelun 
H MOCTeMeHHbIM MepeXO OCHOBHOHM MaCCbl KO BTOPHYHOMY OapuTy, MOX*KHO Jy- 
MaTb, YTO OOpas0BaHNe NMOCMeMHErO MpONCXOAMO OTUACTH BeweNCTBHe Mepe- 
KPUCTAaIIM3alMH CTCHOK TPelI[HH, YaCTbIO %Ke 3a CUYeT MPHHOCAa M3BHe, H3 Mep- 
rea. [lepememenne Oapua B craqulo no3qHero AHareHesa He BbISbIBAaeT COMHE- 
HHA, TaK KaK B Ka¥eCTBe MHHepaJbHOrO HOBOOOPa3s0BaHHA OapuT OTMeUeH HaMH 
HB TpellHHaX KOHKpellHi cy bPUAOB 2wee3a, Kya OH ABHO MPHBHeCeH H3BHe 
mocsie OOpa30BaHHA TPellHH COKpalleHua. 

CrekTpaJIbHbIM aHaJIH30M B GapHTOBbIX KOHKpellWax OOHapy2KeH pa XUMH- 
weCKHX 3JIemMeHTOB. Ilomumo Ba, 3aMeTHbIe OTHOCHTCIbHbIeE KOHILCHTPallHH 
B KOHKPelHAX MO CpaBHeHHIO C COJepxKaHHeM BO BMELLaIOULMX MOposax oOpa- 
syrot Sr u Cu. OuepuHo, B xoge Auarene3a Sr murpupyer copmectHo c Ba 
WM BXOJUT B peuleTKy Oapnta B KayecTBe H380MOpdHOro 3amectTuTeaA Ba. [losei- 
IeHHOe coflepxKaHHe Cu B KOHKpelluAX OaputTa ocTaeTCH HeACHBIM. 

Si, Al u Ca, Hao6oport, coepxaTcH B 3HaUHTeIbHO MeHBIIMX KOHILCHTpa- 
IHAX B KOHKPeClWAX, UCM BO BMEINalOlleM HX Meprevie (cM. Takxe Ta6u. 1), uTO 
OOBACHHeTCA HH3KHM KOJIMYeCTBOM B KOHKPelIHAX KOMIMOHEHTOB BMelalomlelt 
noposbl, B KOTOpoH, cormacHo B. H. Unpsuncxomy ('*), rocnoycrByror KBapll, 
KapOouHaT KaJIblua HM KaOHHUT. IIpH 9TOM KapOOHaT KaJIbILHA BOBCe He Mepe- 
pacnpeleisauica, a Obl, HapALy C APyrMMM COCTaBHbIMH YaCTAMH MOpOMpI, mac- 
CHBHO 3aKJIIOY€H B KOHKPel\WH B XOfe pocTa MX B- cpese  ocajka. 

JIpyrue xumuueckuHe a1emenTpr: Fe, Mg, Mn, Ti, Cr, V, Ni — cogepxartca 
B KOHKPel[HAX TIPHMePHO B TeX %Ke KOJIMYeCTBAX, UTO H B Meprese. CieqoBa- 
TeJIbHO, TIO MHIpallHOHHbIM CMOCOGHOCTAM B CTaHIO paHHero AMarenes3a ocaj- 
Ka XHMHUECCKHE 3JICMEHTHI B CHJIY pla MPHUHH (pa3sINyHe ycIOBuH Mepexowa 
HX B PpacTBOPbl, HeEOJHHAKOBaA (POPMa HCXOMHDIX COeAMHEHHH HT. 1.) OOpasy1oT 
OTJ€JIbHbIe FPYMMbl, YTO y2xKe OTMeYaIOCh HAMM IPH H3yYYCHHH MaVJIbIX 3JIEMeH- 
TOB B KapOOHATHbIX KOHKPeWHAX YIVICHOCHbIX OTIO*KeHHH J[onOacca (?). 

[lupokoe pasBuTve KOHKPeCWHOHHbIX OOpasoBaHHit (KpOMe OapHTOBbIX, BCTpe- 
YaloTCcA Tak»Ke WM OoNee PeKHe CTHXKEHHA CYJIb(PHAOB *Keesa HM OTMeUABLINeECA 
panee cboccbopuToBble 2KesIBakH) NpoTHBOpeynT saksoueHHIO B. H. 4upBuH- 
exoro (14) orHocuTembHO «claOoro WHareHe3sHca» KHEBCKOFO MepreJa, MO Kpalt- 
HeH Mepe JVIad Hallero pahoua. 

Ha ocHOBaHHH OTMCYeHHOM BBIIe 3AKOHOMeEPHOH TIpHypOueHHOCTH OapHTo- 
BbIX KOHKPelHii K OMPeeJICHHbIM YaCTAM Pa3pe3a KHEBCKOTO MepresxA UM Pakta 
BbIJep2KaHHOCTH HX (OCOOe€HHO HMKHEFO TOPH3OHTA) Ha pOTA2KeHHM 10—15 km 
INpeAcTaBJIAeTCA MHTEPeCCHbIM MPOCJIEMHTb MX Ha 3HaYHTeMbHOH MIOWaIH C 
IL€bIO BbIABJIGHHA BO3MOXHOO 3HaYeCHHA STHX TFOPH3OHTOB C KOHKPelLMAMU 
B KaueCTBe ONOPHBIX pH cTpaTHrpanyeckoM pacueHeHHM WM MapadeM3allHH. 


XapbKoseKkuli rocyapcTBeHHbIM yHHBepCHTeT Tlocrynuato 

: MM. N M. TloppbKoro 9 VII 1958 
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Joxnagp Akangemun nayr CCCP 
1958. Tom 123, N: 4 


ITAJIEOHTOJIOIH A 


Bal OVER 
HOBbIE JIAHHbIE MO MCEBAJO3YXHHAM CCCP 


(ITpedcmaeaeno axademuxom JI. B. Haauexunom 18 VII 1958) 


Cxema cTpaTHrpavu KOHTHHEHTAJbHBIX TPHaCOBbIX OTMOKeHHH CCCP no 
MO3BOHOUHBIM Oblia paspadorana HM. A. Eqbpemosbim Ha OCHOBaHHM (bayHbl 
3e€MHOBOHEIX. IlocieqHee BpeMxA Bce OObINyIO POb.B CTpaTurpaduu Tpuaca 
HauHHaloT HrpaTb PeNTHIMH, B YaCTHOCTH MCeBO3yXUH. 

Bnepsple ocTaTKH mceBgo3syxua u3 CCCP 6pm onucanp F. Huene (3), 
KOTOPbIM MO BeCbMa (pparMeHTapHbIM OCTaTKaM YCTaHOBH ABa pofla: Chasma- 
tosuchus u3 BeTwlyKcKoro spyca ceBepo-BocToKa Esponeiicxol uacru CCCP 
uv Dongusia 43 TaHaHbIKCKOH CBUTbHI OpeHOyprckoi 061. HeckoubKo mer Ha3az 
OCTATKH MceBO3yXHH MpeKpaCHOH COXpaHHOCTH ObIWIH OOHAPy2KeHbI B pOMalll- 
KHHCKOH cBuTe Opex6ypreKon o61. B. A. Tapauyospm (?). 

B 1956 r. Hamu HaieHbI OCTaTKH nceBAO3yxXHH B BepXHeli YacTH Oy3ysyK- 
cKOH cBuTbI B byptHHckom paiione Opex6yprckol 06/1. OTH OCTaTKH OTHECEHBI 
HaMH K HOBOMY CeMeHCTBY HM POY, AHarHO3bl KOTOPbIX MPHBeAeHbl HW xKe. 


Otpagy THECODONTIA OWEN, 1859 
Tloqotpay PSEUDOSUCHIA ZITTEL, 1889 


Cem. GARJAINIDAE fam. nov. 


JLuaruos3: Kpynupie nceBgo3yxHu, 6H3KHe NO OOMleMy XapakTepy ye- 
pena K cem. Proterosuchidae, HO oTmMUaIOuHecA PAJOM MPOrpeccHBHbIx YepT: 
TCKONOHTHBIM XapaKTepOM 3y60B, OTCyTCTBHeM HeOHEIX 3y6oB, interparietale 
HM HHTePLleHTPOB Y WICHHbIX MO3BOHKOB. 


Por -Garya 1 ita *gen-enoy: 
Puce. 1 


Tun poga: Garjainia* prima sp. nov. 

Ji uaruo 3: DKuBoTuple c yepenom AIMHOH OKoI0 430 MM. Mopjla JOBOJIbHO 
BbIcoKan. Ho3apu OBaJIbHbIe HW pacnosOxKeHbI Ha KOHWe MopsbI. IIpeopouTamb- 
HbI€ BNaMHbI BLITAHYTbI Ha3aq M BBepX. OpOuTbl KpyNHble, BbITAHYTbI BepTH- 
KaJIbHO, C 3aOCTPCHHbIM HW2KHHM KpaeM. HurKHee BHCOUHOe OTBEPCTHe Kpyn- 
Hoe, B (popMe paBHOOepeHHOrO TPeyrOJIbHUKa C BePUIMHOU, HallpaBseHHOU 
Ha3all H BHH3. Bepxuee BHcouHoe oTBepcTHe Maso. Praemaxillare kpynuas, 
HeCKOJIbKO 3aruyta BHH3. Nosale .HHHOe, OOpasyeT PpaHully HO3LPH JIMLUIb M0- 
3ayu. Sy6uo Kpali maxillare Bnepequ 3arHOaeTca BBepx, OOpasyaA Ha rpaHule 
¢ praemaxillare mupoxyto BpremKy. Tlepex npeopOuTasbHbIM OTBeEpCTHeM maxil- 


* Haspanue, mano _B) uectb B. A. Tapsunopa (CapatoscKnii rocy apcTBeHHBIHi 


yHHBepcHTer). 
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| 
lare oOpasyeT BHICOKHH BepTHKasbHbIi BaHK. Ilepequaa YaCcTb lacrimale, 
Ha MpeOpOuTaJIbHbIM OTBepcTHeM OMyUleHa HME MOBEPXHOCTH OCTAJIbHBIX | 
JIMILeBLIX KocTeH yepena. Praefrontale Bpicrynaer JaTepasibHO B BHJe OCTPpOoro: 
KO3bIpbKa. Tlepequaa BeTBb jugale cHbHO pacllMpseTcaA Briepe WH BBepX. | 
Hocrop6utaibHad Oaka TOHKad. KpafpaTHble COWICHCHHA PaCMOJIO2XKEeHbI Ha- 
jeKO 03a 3aTbIIOUHOrTO MbINeIKa. Interparietale orcyrcrsyer. IlmHeamb- 
Horo oTBepcrua Het. Mexyy parietale u pr. paroccipitale Her mocTremnopadb- | 
HBIX OKOH. Squamosum KonTakTupyer c pr. paroccipitale. 


Puce. 1. Garjainia prima gen. et sp. nov. 1/6. pmx — praemaxil- 

lare, mx—maxillare, n — nosale, 1 — lacrimale, prf — praefron- 

tale, p — parietale, j — jugale, gj — quadratojugale po — post- 

orbitale, sq— squamosum, an — angulare, san — suprangulare, 
d — dentale 


BepxuHeuesrocTHble 3yObl TEKOJOHTHbIC, OCTPbIe, aTepaJIbHO CKATLI H 3a- 
PHYTbI Ha3aq. Sanu Kpal TOHKO 3a3yOpeH M0 BceH JWINHe, a NepeqHHH — Ha 
NpOTAKeHHH BepXHeli NOMOBHHEI. Praemaxillare Hecer 5—6 3y6oB. Ha rpa- 
Hue praemaxillare u maxillare kopotkas Quactema. Maxillare necer 14—15 
3y60B, H3 KOTOPBIX rpymma 3yOoB, pacnoJIO*KeHHbIX y NepeqHero kpaa mpeop- 
OHTaIbHOH BMaWHbl, OCOOCHHO MOUIHO pa3sBuTa. He6o y onucprBaemoro o6- 
pasa pa3qaByIeHoO, HO OUeBHAHO OTCYTCTBHe 3y6OB Ha KPbIJIOBHAHbIX KOCTHAX. 

HmwxKHAA YeIIOCTb C JaTepaJIbHbIM OKHOM. Dentale Hecer 13—14 TeKkojouT- 
HbIX 3yOOB C 3a3yOPeHHbIMH Ha BCeM MPOTAKeHHH NepeHHM HW 3aHHM KpaAMH. 
HanOouee Kpymubie 3y6bl Ha cHuM«pHse. 

Tesla WeHHbIX MO3BOHKOB PpaBHOH JWIMHbI HM BEICOTHI. MHTeplweHTpbI He OOHAa- 
Py2KeHbI. 

Cpapueune: Uepen Garjainia no oOuleH KOHCTpyKWMH uM XapaKTepy 
MpeAYeMOCTHBIX KOcTeH O1M30K Kk cem. Proterosuchidae, oco6eHHO poy Ela- 
phrosuchus Broom. (*) 43 30Hp1 Lystrosaurus lOxkuon Adpukn, c KOTOpbIM Hally 
(bopMy cO/ImKaeT CPaBHHTeJIbHO CJlaOad CnelvalH3alluA MOpybI WM HaslMuNe 
JlaTepaJIbHOrO OKHa B HWKHeH YeocTH. BMecte c TeM HOBBIM pol OTMMYAeTCA 
OT MpoTepo3yXHA, MOMHMO OYepTaHHH YepenHbIX OKOH H Apyrux erase, psx- 
JOM MPOrpeccHBHBIX YePT, YNOMAHYTHIX BbIe B AHarHose cemelicTBa. Garjai- 
nia, BepOATHO, ABJISe€TCA MOTOMKOM KaKHX-TO MaJO Crell\MaJIM3MpOBaHHbIx 
MpoTeposyxH, CcxofHEIX c Elaphrosuchus. 

Erythrosuchus Huene (+) ormmuyaerca OT HOBOrO pofla OUCH MaCCHBHbIM 
yepenoM H HMKHEH YeIOCTbIO, HHOH COPMOH YepeNHbIX OKOH, OTCYTCTBHeM Jla- 
TepaJIbHOrO OKHa B HWKHeH uetocTH H HasMuNem interparietale, nuneamb- 
HOTO OTBepCTHA HM UHTepWeHTpOB y WeMHbIX NO3BOHKOB. Erythrosuchus, Be- 
POATHO, OTHOCHTCA K OCOOOH IBOJOWMOHHOM BETBH, MpOUCXOAAUleH OT KAaKHX-TO 
MPpHMUTHBHBIX IpOTepoO3syxXH MW XapakTepHsyioulelicd cCoxpaHeHHemM mHHe- 
aJIbHOrTO OTBepCcTHa. 

OctaJIbHble mpeAcTaBuTeiM mceBO3yXuH ropa3sqo Janee reHeTHuecKH OT- 
CTOAT OT HOBOrO pOJa, 4YeM BbILeyNOMAHYTbHIe CPOpMBI. 
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Garjainia prima sp. nov. 


Yoaorun: CrY 104/3—8, uepen c npasoii Bersnio HWKHei UemocTH 
MW UeTbIPe WeHHbIX MO3BOHKa. 


MecroHaxoxjeune: Bypruucxui pation Open6ypreko o6u1., 


yep. Auqpeeska, oBpar Koispiicait. Ti. Bepxu V soup. 

Auaruos Bua copnaqaer c quarHo3s0M porta. 

XapaktTep BpilueomHcaHHoro poya Pseudosuchia u zpyrue cbayHucTHYecKHe 
 AaHHble NPHBOAAT K HHTepeCHbIM cCTpaTHrpatHyeckKHM BBIBOJaM O BOspacTe 
_V sonst H. A. Ecpemosa. 

V 30Ha HWXKHETO TpHaca, 43 BePXOB KOTOPO! NpOHCXOLUT Garjainia prima, 
| conoctaBsnetcsn M. A. Ecbpemopm (*) c 30Hof Lystrosaurus, a VI 30Ha — c 30- 
| Hamu Procolophon u Cynognathus lOxxHot Agpnxu. Erythrosuchus npoucxo- 
AMT H3 HH30B 30HbI Cynograthus. G. prima. mo orcyrcrBuw interparietale, 
| MHHEaJIbHOrO OTBePCTHA MH HHTePUEHTPOB MO3BOHKOB BbIrIAHT mporpec- 
_ cuBHee Erythorosuchus. Ho sro emje He o3Hayaer, UTO OHA MOMOXE MO reovo- 
| THYCCKOMY BO3pacTy, HOO O6e *opMbI NpHHadexaT kK pa3JIMUHBIM (pbusorene- 
THYCCKHM JIMHHAM, KOTOPBI€ MOFIH SBOJIOMPOBaTb Pa3/IHYHbIMH TeMuaMH. OZ- 
_Hako G. prima HamHoro MporpeccuBHee mpoTeposyxHA, NpOucXOAANUxX U3 
_ HH30B 30HbI Lystrosaurus, H BHOJHe MOKeT XapakTepH3O0BaTb OTMORKeHHA 60- 
_ Jee MOJIOAbIe, YEM BHIMeyNOMAHYyTad 30Ha. M3pecrupli u3 BepxoB V 30HbI Ipo- 
_kosodou Tichvinskia 61u30K kK 10xKHOadpHKaHcKOMy poxy Procolophon (°). 
_ Huspr V 30npt XapaktepH3yroTca pogxom mpokouodouos Phaanthosaurus, 6.1u3- 
_ KHM K 1OXKHOadppukancKkomy pogzy Spondilolestes (°), koroppbii, m0 yKa3aHHIO 
_ Huene (*), mpoucxogzur 43 BepxosB 30H Lystrosaurus. Jla6upHHToJOHTHI Cem. 
_ Benthosuchidae, xapaxrepuHpe 21a V 30nbI, n0 JanHHbim Romer (“), mporpec- 
| CHBHeEe 1OxKHOAPPHKAHCKHX HEOPAXHTOMHBIX POJOB, HO MPpHMHTHBHEee CTepeo- . 
| CNOHJHJIbHEIX (OPM JaGHPHHTOJOHTOB, XapakTepu3y1ouux VI sony VM. A. E- 
_ pemoga u 30Hy Cynognathus lOxxHol Adpuxn. 
| Takum oOpa30m, dayHa V 30HbI B OOMLEM MporpeccHBHee (payHbI 30HbI 
_ Lystrosaurus IOxnoli Adpuxu. Tlostomy V sony celyer ComocraBuTb ¢ Bepx- 
Hel uacTbio 30HbI Lystrosaurus u, nO kKpaiiHeli Mepe, uacTbIo 30HbI Procol- 
-ophon, Kak sTo genan VW. A. Edpemos Bp 1939 r. (°). Huser xe 30HbI Lyst- 
rosaurus mayaror Ha BocToke EBponelcKkow uacruy CCCP Ha mepeppiB Mex]ly 
TepMbio H TPHacom. 


CapaTosckKult rocyapCcTBeHHbIt yHHBepCHTeT Tlocrynnao 
um. H. . Uepupmmesckoro 16 VII 1958 
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ITAJIEOHTOJIO[H A 


r. ©. PA3AHOB 
MOP®OJIOFHHA WH CHCTEMATHKA POJIA PROTRITICITES PUTRJA, 1948 
(IIpedcmaeaeno akademuxom A. JI. Aniuunoim 31 V 1958) 


~@.C. Ilytps 8 1940 r. (?) Hamerua rpymny AoHeKUX POpM, HMeIOULHX OOUIb- 
IO€ CXOJCTBO C by3yJIMHeIaMH VW B TO Ke BPeMA OTMHYAIOULAXCA OT HHX MNO- 
PHCTbIM CTPOCHHEM CTCHKH, K BbIJeeCHHIO B HOBBIT poy. OAHOBpeMeHHO Ha Pyc- 
ckou nmatpopme C. E. PososcKxow (°) ObiwiM BCTpeyeHb! aHaJlorMyHble dy3y- 
JIMHWAbl, Cpe KOTOPbIX yKa3bIBaJIHCb MpeAKOBble *opMbl TpHTHUHTOB. Ho 
ToubKo B 1948 r. ®. C. Ilytps (*) ony6auKkoBal AHarHos STOrO pola, Ha3BaB 
ero Protriticites, u a OMMCaHHe HeCKOJIbKUX BHOB, KOTOpbie paHee (*) Obi 
omvcaHbl Kak *y3ysMHebl. Kak aBTop pola, Tak H Apyrue uccseqoBaTeu 
(7,4,°,7) HAp.), CormacHo OTMeyaIOT, YTO NO CopMe PaKOBHHKH, THNYy CKJaqua- 
TOCTH TeperopoqOK HW CTPOeCHHIO XOMAT MIPOTPHTHILHTbI HE HMEIOT CYLICCTBEH- 
HbIX OTJIMYHH OT *y3yiHHe. TnaBHoe OTJHYMe COCTOHT TOJIbKO B CTPOCHHH 
CTCHKH. 

CreHkKa MpOTpHTHIUTOB, Kak 9TO HaOwOaslocb HaMH Np H3SyYeHHN BepXHe- 
MOCKOBCKHX H HH2KH€KACCHMOBCKHX (hOopaMHHHep U3 pasJIMYHbIX MYHKTOB Ce- 
Bepo-BocTouHOH uacTH JJoHelKoro OacceliHa, Ha paHHeH cTaqMH OHTOreHesa 
MOUTH HHYeM He OTVIMYAeTCA OT (y3yJIHMHeIOBOH. OObI4HO STO TOHKasA, uallle 
TpexcloHHasd, HHOrga c [MacaHoTeKoH cTeHKa, OOpa3yroulad 2—2,5 oOopota 
pakOBHHKH. TOHKHe Nopbl B Hel yaeTCaA HaGOJOLaTb TOJbKO pH Xoporel co- 
xpaHHoctn. Kak y OoJIbuIHHCTBa *Py3yJHHeII, MepBbrle 2—2,5 O6opoTa HaBUTHI 
B HH3KYIO CNHPaJib BOKPyr KPOWeYHOH HavaJIbHOH Kamepbl. Haunnaa c 3-ro 
oOopoTa, TOJIMLMHa CTCHKH 3HaYHTebHO BO3PaCTaeT, MOPbl CTAHOBATCH OTUeT- 
JIMBbIMH MW MpOXOAAT Yepes Bce CJIOH CTCHKH, a 3a4acTy1O HW Yepe3 xomaTol. J[na- 
qaHoTeKa OObIUHO TOHKaA, YCTKO BbICTyMaeT Ha (OHE OTHOCHTEIbHO TeMHBbIX 
TCKTOPHYMOB UH TeKTyma. [loceqHHu NomyoGopoT (a HHOra U Gombe) O6pa3zo- 
BaH TOHKOM JByXCJIOMHOM CTeHKOH c rpyObimH mopamu. Cpequ B3pocbx PopM 
HaOsmoNaoTcs OCOOH, y KOTOPHIX B MOceqHuxX 1,5—2 oOoporax ANacbaHoTeKa 
mpHoOperaer TEMHY1IO OKPacKy H CJIMBaeTCA C BHYTPeCHHUM TeKTOpHyMom. CreH- 
Ka CTAHOBHTCA TPeXCJIOHHOH, a K Hapy2KHOMYy OOOPOTY IpH HC4Ye3HOBeHHH Ha- 
Py2KHOrO TeCKTOPHyMa MepexOLZUT B ABYyXC/IOHHyIO Cc TpyObiIMu, MpocTbiMn, 
CKBO3HbIMM nMopamH (puc. |, a, 6). 

YTOJMEHHE CTCHKH MPOWCXOLUT 3a CUeT paspacTaHHA TeKTOPUYMOB, OCcoO- 
OeHHO BHyTpeHHero. HanOoubueli TOMUMHbI OHM AOCTHTaloT B CpeMHHHOL YacTH 
PaKOBHHKH, NOCTeMeHHO yMeHbIUaNcb K moo0caM. TlepBuuuble xe CuIOH CTeHKH— 
TeKTYM H MpoTeKa WIM 3aMellaiollad ee WMasanoTeka,—kak u y dy3yJIMHeNI, 
OcTalOTCH TOHKHMH. CyleqoBaTeIbHO, YCHJICHHbIli pOcT 9MMTeKM CBA3aH He c nep- 
BOHAYaJIbHOH CTayvelt OOpas0BaHuA CTeHKH, a OOyCMIOBeH CTpeMJeHHeM opra- 
HH3Ma YKPeNMTb OcMaOJIeHHy!0 MOpaMH CTeHKy B MocJexyroulee BpemMa, mocse 
BOSHHKHOBECHHA MePBHYHBIX ClOeB C TpyObimu mopamu. Mugu coBamu, yTou- 
ICHHe CTCHKH H rpyOad NOPHCTOCTh ee KOPPeMATHBHO Mexkyy COOOH CBA3aHEI. 
Ha6mtoqenuaA MOKasbiBaioT, YTO C YBeIMYeHHeM JMaMeTpa Op MposouKaer 
BO3pacTaTb TOJIMMHa CTeCHKH. Takas B3aHMO3aBHCMMOCTb COXpaHsetTca n0- 
4TH HO KOHMa CnHpadH, TOUHeEe — JO NOJOBHHLI MOcMeqHero O6opoTa. YrTo no- 
3BOJIA€T HHavYe NOMOMTH K OWeHKe POJIH NOP B cTreHke (by3y1HHHL. 
ita2 
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Puc. 1. a, 6 — cTpoeHne CTeEHKH MPOTPHTHURTOB M3 H3BecTHAKa Ng: a — BHAHA TONKA AByX- 
cnoiiHas CTeHKa MocaeHero MomyoOopota pakOBHHKH; 6 — B TMocue,HeM o6opoTe AByxXcMOHHaA 
cTeHKa O6pa30BaHa MpoTeKOli H CAMBLUMMCA C Heit BHYTPCHHHM TEKTOPHYMOM, 6, 2 — MPOTPH- 
THILATLI H3 H3BeECTHAKOB Ny, O,!; BHyTpeHHHH TEKTOPHyM Pa3BHT HepaBHOMEPHO, MECCTAMH CTCH= 
Ka CTAHOBUTCA AByXCJOHHOH H TOHKOH; 0 — CTpOeHHe CTCHKH Obsoletes vetus Rjasanov; Bo 
BHYTPeHHHX OGopoTax MpocwexuBaeTcA AMadakoTeKa H TEKTOPHy MPI. B gaByx mocmeqHHux — 
cTeHka J\pyXxcoliHaa; H3BecTHAK Ns; € — B HoceqHeM OOOpOTe BHAHI AIbBEOJIbI, B MpeAMO- 
cleHeM — Tpexcaoiinasd creHKa c Mpoctpimn nopamn. 100 X 


__ B autepatype uae Bcero moppl paccMaTpMBaiorca KaK KaHaJIbI Ja ra3o- 
oOmeHa. Bpay 1M 970 eqNHCTBeHHOe Ha3HaueHne nop. [pu »xH3HH OpraHu3ma 
MOpbl, Oe3syCOBHO, ObWIM 3anO/IHeHbI mpoTona3smolt, OularoqapaA 4YeMy OTIeb- 
HBI€ YaCTH KJI€TKH, SaKJIIOUCHHbIe B KaMePaX, HMCJIM XOPOLIyIO CBA3b MexKy 
coOoli. Kpome toro, B noceqHem OGopore yepes MOpEt NpoTomia3Ma, M0-Bu- 
AHMOMY, BbICTYMaJla B BHC MHOFOYHCJICHHbIX Mla3MaTHUeCKHX HUTe HH 
B KaKOH-TO Apyroli (opMe, 4TO B 3HAYHTebHO cTemeHH cnoco6cTBOBaJIO 60- 
lee NOMHOMY HM CBOOOAHOMy OOMeHy Mexy OpraHu3MOM 4M cpefol, yuLIeMy 
OTMPaBJICHHIO XKH3HCHHBIX (YHKUMH BHYTpH OpraHH3Ma, a CJleMOBaTe/IbHO, 
PocTy MONOMHUTEIbHBIX CKeJCTHbIX OOpasOBaHHH B Bue XOMAT H TeEKTOPHYMOB. 
Takum 06pa30m, mop B CTeHKe (py3yMHU MTpasH %KU3HEHHO BaxKHYIO POulb. 
Uepe3 HX, a He TOJIbKO Yepes allepTypy, OCyIeCTBIANaCch CBA3b OpraHu3ma 
co cpeqoH oOuTaHua. Hamuuue u ycnoxKHeHHe cCTpoeHua nop — mpH Koppena- 
THBHOM H3MCHeEHHH B OpraHH3Me — ABHJIOCb MPH3HAKOM MpOrpeccHBHbIM, ajlan- 
THBHBIM. 

I]porpHTHUHTH C OMHCaHHOH BbIe CTeHKOM Ha ceBepo-BocToKe JIoHelKoro 
OacceliHa, M0 HallIMM HaOJIOJeHuAM, NOABJAIOTCA BHepBbIe B H3BecTHAKe Ns. 
OjHako B IMTepatype no JlonOaccy uMelorca yKa3aHHA Ha Haxoxkenue MpoTpH- 
THUHTOB B Oosee Apepuux clonx. I. JJ. Kupeepa (!) ormeyaer equnuuupie cbop- 
MbI UX B U3sBecTHAKe Nj, a O. C. Iyrps (?) B usBecruake N2, 4uTO He NPOTHBO- 
peuHT HW HallIMM JjaHHbIM, TaK Kak B M3BecTHAKe Ns MPOTPHTHILMTHI HaGuI0- 
WaloTcA B MaCCOBOM KOJIMUECTBE. 

B mpolecce PusoreHeTHyuecKOro pa3sBUTHA CTe€HKa MPOTPHTHILHTOB He ocTa- 
BaJlacb HeH3MeHHOH. YxKe B usBecTHAKe Ny NOABIAIOTCH (OpMbI Cc HeycToHuH- 
BbIM Pa3BHTHEM 9JIEMCHTOB CTCHKH. Y HEKOTOPbIX H3 HHX B 2,5 MocueqHuX O6O- 
poTax OTCYTCTByeT Hapy2XKHbIH TeKTOPHYyM, a BO BHYTP€HHHX OH HMMeeT HeNO- 
CTOAHHY!10 TOMMMHY. UerKad, NOYTH MpO3spauHad AuadaHoTeka pa3BuTa cabo, 
TOMOJIOPHYHbIN eH COM MMeeT CepylO OKpacKy, HeMHOrO Oovlee cBeTJIyIO, 4eM 
BHYTpeHHHH TekTopuyM. IlocwieqHuu HaOwoJaeTcA TO B Bue TOHKOM TeMHOL 
NMHHUH Ha BHYTPeHHeH MOBePXHOCTH CTCHKH, TO OOpa3yeT TOJICTHIN CJIOH, BbI- 
KJIMHMBaloulWicA kK OCeBbIM KOHIaM, Ovlaroflapa uveMy cTeHKa 3ecb mpHodpe- 
TaeT JByXCJlOHHOe cTpoeHHe, Kak y OOcoueToB (puc. |, 6, 2). Ilopuctoctb co- 
XpaHAeTCA, HO OHA MeHee rpyOaa, YeEM Y MPOTPHTHILHTOB C CHJIbHO Pa3sBHUTbIMH 
TeKTOPHyMaMH. 

BeweqcTBHe He€paBHOMepHOro Ppa3BHTHA TeEKTOPHYMOB UM pa3JIMyHOrO coUe- 
TaHHA UX C APyrMMU CJIOAMH CTCHKH B Mpollecce OHTOFeHesa Y HEKOTOPbIX CPOpM 
BOSHHK@IOT IIPH3HAaKH, KOTOPbIe, C OHOH CTOPOHbI, COJIMKaloT HX C NPOTPHTH- 
WuTaMH, a c pyro —c odcoueramnu. Tlostromy unorga npescTaBsiAeTcA BeCbMa 
3aTPYAHUTCIbHbIM OMPeAeIHTb POOBYIO IIPHHAaVIeXKHOCTh HEKOTOPbIX 9K3eM- 
niapos. Iloka3aTeeH B 9TOM OTHOMICHHH ONMCaHHbI HAMM H3 M3BeCTHAKAa 
N; Obsoletes vetus (8), y Koroporo ocTaTOUHO OMLYTHMO MPOABJIAIOTCA YePTbI 
o6oux posos (puc. |, d). 

TlporpuTHunTl, HMeIollHe CTeHKy CO cJla00 pa3BUTbIMH TeKTOPHyMaMH, 
BCTPeyaIOTCA H B H3BeCcTHAKAX O17, O3 HM Oy. CylecTBOBaHHe TaKUX (OPM M03B0- 
JiseT WHave MOMOUTH K pelleHMIO BOMpoca O MpesKax OOcOeTOB. ’ 

T. JI. Kupeesa (+), Bbiemupuiad STOT pod, Kacatcb TeHeTHYeCKHX CBA3eK 
oOcouleTOB, yKa3aJia Ha BO3MO%KHOe MPOHCXO*K enue UX OT MPOTPHTHILMTOB MIM 
cbysyiunennt. Tipu stom HanOoulee BepOATHBIMH MpeAKaMH OHA COUA BO3MOX- 
HbIM B Cyry6O mpesBapuTebHOM MOpsAKe HasBaTb MocseqHUx. OcHOBaHHeM 
JIA TOTO MOCIYyxKUIO NOBTOPeHHe OGcOIeTaMM Ha PaHHHX CTaWAX OHTOFeHesa 
HEKOTOPHIX YepT (Py3yAHHeI, a TakxKe MpeAMoMaraemoe OTCyTCTBUe MpOTPHTH- 
I[MTOB HM CMeHa UX OOcoueTaMH B Uu3BecTHAKAaX O. [locueqHMe npeqnomOKeHHA 
HAlIMMH HaGJUOJeCHHAMH He NOATBepAuIMCb. Haodopor, BbIACHHJIOCb, YTO Mpo- 
TPHTUMUTHI MpOCMexUBAIOTCA NO USBeCTHAKAa Oy, BbILe KOTOPOrO OHH He MO]- 
numarotcs. He Opi BCTPeYeHbI H THMMYHBIC OOCOMETHI, OMMCAHHbIC lr. J. Ku- 
peesoi, U3 WeHTPasIbHbIX M 3anaHbIX PaHOHOB TlouOacca. PekanuTy ALMA 2xKe 
MpH3nHakos (y3yHHeI B OObINel Mepe CBOHMCTBeEHHA MPOTPHTHIMTAM, YeM 
o6coneram. Ilostomy, yuHTHIBaA Ooslee MO3qHee MOABMEHHE NOCMENHUX, MOXKHO 
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CUHTaATb, UTO o6coleTaMH BOCHPOH3BOAATCA PaHHHe CTaqHH MNpPOTPHTUMUUTOB, 


B KOTOPBIX MOBTOPAIOTCA HeKOTOPIe YepTH! *ysysHHe. M310x%KeHHOe BbILEe 
NO3BOIAeT CeaTb BbIBOA, YTO MpeAKaMH OOCOJIETOB ABJIAIOTCA MPOTPHTHILUTHI, 
OT KOTOPBIX OHH OTJeMIHCb B Hayase BepxHero KapOoHa. 

Kpatkad HCTOpHA STHX POOB, KOTOPaA B OCHOBHOM CBOJMTCA K MpOcexH- 
BaHHIO Ppa3sBHTHA CTCHOK, TaK KaK APyrHe 9/ICMeCHTbI PAaKOBHHOK CYlLeCTBeHHbIX 
H3MeCHEHHH He MmpeTepnesiH, MOKeT ObITh MpecTaBJIeHa B CJIeXYIOUleM BUTE. 

Teonormueckue cOObITHA KOHIa cpeqHero HM Havajla BepxHero KapOoHa 
CKa3aJIHCb H Ha OpraHHyeckom Mupe. B ojHHXx CJlyyanX STO MIPHBeJIO K BbIMH- 
paHMIO HEKOTOPbIX rpynn, B APyrux — kK paciaTbIBaHHIO HaCJIEACTBEHHbIX MPH- 
3HaKOB HM K BOSHHKHOBCHHIO HOBBIX, Ooslee MPHCHOCOOJICHHBIX (pOpM. C 3THM MO- 
M€HTOM CBA3aHO NOABJIeHHe FpyOblx NOp B CTeHKe (py3yiMHe. B BepxXHe-Mx4- 
KOBCKOe BpeMA y PxAa (opM rpyOple nopbl NosBJAIoTCA c 3—4-ro OOopoTa, H 
CT€HKA CHJIbHO YTOJIMAaeTCA JONOJIHHTeIbHbIMH OTJIOXKeHHAMH. B kone CnH- 
paH TrpaHb MexKy [vapaHoTekoH HM BHYTPeCHHHM TeKTOPHyMOM CTHpaeTcs, 
ucuesaeT HapyXHbId TeCKTOPHYM — MOABIACTCA CTeCHKa, CBOHCTBeHHaA poy 
Protriticites. Takaa cTeHka OKa3aulacb Oolee COBepWIeHHOH, Oovlee BbIrOAHOU 
WIA OpraHH3Ma, HM OHA COXpaHsAeTCA elle H B Havasie BepXHero KapOoua. 

Ho napsaly c mpewmyuiecTBaMH CTeHKa MPOTPHTHUMTOB HMela pA HeLO- 
CTaTKOB, KOTOPble HeO/arONPHATHO CKa3bIBaJIHCb Ha OpraHH3Me. OHHM H3 HHX 
ABJIACTCH HEPaBHOMePpHasd IPOUHOCTh CTCHKH, CBASAHHAA C HEOJMHAKOBBIM YTOJI- 
IleHHeM ee 10 JWIMHe pakOBHHKH. HanOoulbiiad TOMMMHA CTeHKH MpOTPHTH- 
ILHTOB HaOwofaeTcA B CpeHHHOH OGacTH. Ora Ke yacTb yKpemieHa OObIMHO 
MOLLHBIMH XOMaTaMH. KOHIbI paKOBHHKH OOpa30BaHbl Bcerya Ooee TOHKOH, a 
CJIe}OBaTeJIbHO, MeHee NMPOYHOH cTeHKOH. Bo3mMoxHO, NOTePpA MpOUHOCTH YacTHU- 
HO KOMIM€HCHPOBaJlaCb CKJlafluaTbIMH CeNTaMH B OCeBbIX KOHIax. OHaKC 
TOrO, MO-BHAHMOMY, OblJIO HeAOCTaTOUHO, MH KOHIbI PpaKOBHHbI OCTaBaJIHCb MO- 
NIp@xKHeMy MeHee MpOUHbIMH. HecoMHeHHO, OHH YaCTO MOBPexasIMcb pH %*KH- 
3HH XXHBOTHOTO. OTO NOATBepKAaeTCH HW HCKOMaeMbIM MaTepHaiom. B wwiMdax 
yacTO MOXKHO HaOJOJaTb PaKOBHHKH, Y KOTOPbIX KOHIbI WIM paspyllieHb! LH- 
HaMHYeCCKHMH YCHJIMAMH BOY, WIH pa3yaBJIeHbIl Ha MeCTe 3axXOPpOHeHHA. 
B TO xe BpeMA CpeAHHHaA OO/IaCTb, 3a HCKJIOUeHHEM Hapy2KHOrO OOopoTa cHu- 
pauIH, CocToskero H3 TOHKOH CTe€HKH, COXpaHAeTCA XOpoWo H ropa3sqo pexe 
nosBepraeTcA MeXaHHYeCKOMY MOBPexXeHHIO. 

Tovictad CTeHKa, XOTA HM NPOHH3aHHAA MHOFOUHCJICHHbIMH MPAMBbIMH Ka- 


HaJIbUaMy, TpedoBawla AIA CBOerO MOCTpOeHHA 3HauHTeJIbHOM 3aTpaTbl JHEP 


rHH M BeWleCTB, a PaKOBHHKa, OOPpa30BaHHad TaKOH CTCHKOM, Oblla NOBOJIbHO 


TaxkeloH. Ilo-BuquMOMy, 93TO TaK%Ke OTPHaTeIbHO CKa3aJI0Ccb Ha pa3BHTHH 


OpraHHu3Ma. OTH M HeEKOTOPHIe Apyrve OcOGeHHOCTH MPOTPUTHILHTOB, BEpOATHO, 
ABHJIMCb MPHYHHOH UX OTHOCHTeIbHO KOpOTKOrO cyllecTBOBaHHa. He menee 
APKHM CBHJIETCIbCTBOM HeCOBePINeHCTBa HX PaKOBHHKH CJyKUT MOABIeEHHE 
HOBOTO THIa CTPOCHHA CTEHKH Y CeM. WIBarepHHHA, UpHMMesuel Ha CMeHy Mpo- 
TPUTHILHTOBOH. 

B HacTosmmee BpeMA OOMeMPpH3HAHO, YTO TPUTHILMTHI BeAyT CBOe HayaJIO OT 
hporpuTuinros. B usBectHake O 3 ceBepo-BocTouHoro J[oH6acca HaMH BCTpe- 
4eHbI POPMbI, CTCHKA KOTOPbIX BO BHYTPCHHUX OGOPOTaX HMeeT MPOTPHTHILHTO- 
BOe CTPOeHHE, a B NOCeIHeEM — ACHOe aIbBeOAPHOe, TPUTHUUTOBOe (pH. | e). 
Ho nepexoguble (POPMBI, MO-BUAMMOMY, NOABHJINCb ellie paHbllle, TAK Kak B 9TOM 
H3BeCTHAKe COJepmKaTcA HW HacTosUMe TpuTHUNTH. B TabHelilieM aJIbBeOJAp- 
HOe CTPOeHHe CTaJIO ObICTPO CMelaTbCA OT Hapy2XKHOTO K BHYTPe€HHHM OOOpoO- 
TaM HM CKOpO pacmpocTpaHmvioch Ha BCIO cnHpadb. BO3HUKIa PaKOBHHKa C HO- 
BbIM CTPpOCHHEM CTEHKH. 

Y repBpix mpeycraputenei wBarepHHuy, CTeHKa elle JOBOJIbHO. MaCCHBHa. 
Ona MMeeT, Kak MH Y NPOTPHTHNUTOB, HapyxXKHbIii TEKTOPHYM, aJIbBeOVIbI ee elle 
y3KH, HO IWHpe mpocTbix nop npoTpuTHuuToB. PakoBuHkKa mupHoOperaer Oomee 
COBeplleHHoe CTpoeHHe. OTH U3MeHEHUA aBaJIN OobUIMe MpeuMyllecTBa O6sa- 


NaTeJAM TaKOW PaKOBHHKH, H OHH yKe B Haase BepXHero KapOoHa 3aBOEBbI- 


BaloT TocnojcTByIoUlee NOMOKeHHe cpeln dy3yiHHHUA. Crenka uxX pu NaaAb- 
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HeHIeM YBEJIHYCHHH JMaMeTpa aJIbBeOJI HeCKOJIbKO yTOJaeTCA M He Tepser 
cpoeH mpouHocTH. Ho ona craHoBuTca serue, Ha ee nocTpoeHHe pacxojlyetcs 
MeHbIUe SHEPrHu H BellecTBa. TakuM OOpa30M, ycoBeplleHCTBOBaHHe CTeHKH 
NOWIO NO NyTH ee OOJerueHuA, MeHbIel 3aTpaTbI 9Hepruu Ha ee MOcTpoeHne 
u Oolee paBHOMepHOrO pacnpesxedeHHA MpOUHOCTH NO Bcelt JWIHHbI paKOBHHKh. 
PasHooopasuble tby3yAMHUAbI C TaKOH CTeHKOM CyUeCTBOBAJIH JWIHTeIbHOe Bpe- 
MA BIIJIOTh JO KOHWa Me€pMH, T. €. AO MOJHOTO HX BbIMMpaHHA. Sto cBusereb- 
CTBy€T O TOM, YTO aJIbBeOJIAPHOe CTPOeHHeE CTCEHKH HavGoslee COBepPMIeHHO, Le- 
NecooOpasHO HM BbICOKOCMelMaH3HPOBaHO, eC OHO He caMoe cmellMaH3Hpo- 
BaHHOe CpeJM CTeHOK (y3yJIHHU]. 

Ha rpanule cpefuero uv BepxHero KapOona OT MPOTPHTHLUTOB O6ocobMmIOTCH 
oOcoyleThI, CNelMaH3aluA CTEHKH KOTOPHIX BbIPASH/aCb B HCUC3HOBEHHU TeKTO- 
pHymMos. Y Hux C(OpMHpoBaJlacb TOHKaH JlerkKad CTeHKa, MPOHH3aHHaA Jo- 
BOJIbHO rpyObiMH nopamMH. Hasnune nop B TOHKOM cTeHKe ABHJIOCb NOOKU- 
T@IbHBIM, BbITOAHbIM MPH3HaKOM JIA OpraHH3Ma. OgHako nopbl ocma6usaH 
MPOYHOCTh PaKOBHHKH, H OHA HyXKlalacb B YykKpenwieHHu. YBemnuenne 
BOJIHHCTOCTH WM CKJIaquaTOCTH CelT Y HeKOTOPHIX OOCOueTOB ABJIAeTCA CBOeTO 
poyla NOMbITKOH ykKpenvHTb pakoBuHky. Ho 9sroro oKasas0cb HeocTaTouHO, 
BCJIeACTBHe YerO OPraHH3M HCMbITbIBaJI, NO-BHAHMOMY, OosbUIOH yiep6 oT oc- 
aOJleHHA PaKOBHHKH, KOTOPbI He KOMM€HCHPOBaJICA MpeHMylecTBaMH, M0- 
JIYYeHHBIMH OT MOPHCTOCTH CTeHKH. Pa3sBUTHe CTCHKH B 9TOM HallpaBJIeHHH ABH- 
JOCb HeajlanTHBHbIM, MOSTOMY OOCcOJIeTbI He JaJIH MpOrpeccHBHOrO MOTOMCTBa 
H ObICTpO BbIMepJIH. 

CrpoeHve CTeHKH — 3TO, HECOMHCHHO, BaxKHbI, HO He e€/,MHCTBEHHbI po- 
JOBOH mpH3Hak. BecbMa cylleCTBeHHOe 3HaYeHHe HMeIOT MH TakHe KpHTepHH, 
KaK XapakTep meperopoyOK, CTpOeHHe XOMaT, (OPpMa PaKOBHHKH HM HEKOTOPHIe 
upyrue. IIpu onpeyeseHHOM coveTaHHH 9THX MPH3HaKOB CO3aeTCH KOHKPeTHOe 
mpeactapleHue O pofle. Kak yxxe OTMe¥alOCb, MPOTPHTHIMTEI HU OOcoOueTbI 
B 3TOM OTHOLICHHH MaJIO OTJHYAIOTCA OT CBOHX TpeqKOB — cy3yJMHeI. OL- 
HaKO CipaBeJJIHBOCTH pajlH CJleqyeT OTMCTHTb, YTO CKJIaqYaTOCTh MeperopoyxoK 
y 9THX pOJlOB, H B OCOGeHHOCTH y OOcOIeTOB, B OOLEM HECKOJIbKO Oolee HH- 
TeCHCHBHaA, 4eM y cdby3ysHHeI. Ho sto aBseHHe He BceoOmlee. Muorne npoTpH- 
THILUTHI UH OOCONeTHI OOJIaMaloT OYCHb CaOO CKJIaYaTbIMH CelTaMH, Tak Ke 
Kak H HeKOTOpbIe (by3yJIHHEJIJIbl HMCIOT 3AMETHYIO CKJIaYaTOCTb B OCeEBbIX KOH- 
Wax. OTJIMuMA YNOMAHYTHIX MPH3HAKOB y PaCCMATPMBaeMbIX POJOB, MO-BUH- 
MOMY, HACTOJIbKO H€3HaUHTCJIbHbI, UTO OHM He NOMMaloTca yueTy Np onpesese- 
HHM POJOBOH MpMHaNexKHOCTH, H CMHHCTBCHHDIM KPHTepHeM OCTaeTCA CTpoe- 
Hue cTeHKH. IlocseqHAA XOTA MW 3HAYMTEJIbHO OTHYAeTCA OT IIPeAKOBOH, HO elle 
He JIMIII@Ha HeEKOTOPbIX ee YeprT. , . 

Takum o6pa30m, HaOop KpHTepHeB STHX AByX PpOAOB upesBblyaHHO OrpaHH- 
yeu. Tlosromy Bo3HHKaeT BOMpoc 06 HX TaKCOHOMMYeCKOM paHre. He cuefyer 
1M CHH3HTb ero NO nosxpoya? HackoubKo 9TO WelecooOpasHo u OOOCHOBaHHO, 
HOKaKYT LaJIbHelimHe UCCefOBaHHA MO BOMpOcy KOMMVIeKCa KPUTepHeB pas- 
IMUHbIX TAKCOHOMHYeCCKHX CAHHUIL U OOOOuleHHe (hakTHYeCKOrO MaTepHasla nO 
ITHM pOjaM. 


Pocrosckuit-Ha-Jlouy rocy JapcTBeHHbIIt NE: 
y HHBepcuTerT 28 V 1958 


WMTHPOBAHHAA JIMTEPATYPA 


We EP 
17, Tl. Kupeesa, Hospe suse by3yiuHuy U3 usBeCTHAKOB cBuT Cy uC, JJouneikoro 


acceiina, Teomoro-uccsey. paGorsi, 1950. 20. C. Ilytpa, Marep. no reon. u nonesu, 
ick. A3sopcKo-UepHomopck. cae ymp., cOopH. 11 (1940). * ®. C. Wytpa, Tp. JIpposcx. 
eon. OOUl., Mameouton. cep. B. 1 (1948). 4 J. MP aysep= rep roycon a Boe 
peqHeKaMeHHoyroububle cbysyMHuAL PyccKou aTpopMbl H compeseIbHEIX OOnacTreH, Maz. 
CCG RD wiOoly wae: Eero sro ci aaa, Ped. pa6or yupexy. org. Ovo. HaykK AH CCCP, 
meyro40 r.. Han. AH CCCP, 1941. °C. E., Posopcxaa, Ip. [aneourom. HHCT. 
H CCCP.’26 (1950). 7C. E. Posopcxas, Tam xe, 40 (1952). 81. ©. Pasa- 
oB, Yu. 3am. Pocropek. roc. yHHB., cep. reow.-reorp., 53, B. 9 (1958). , 
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Jloxnagn AkayqeMun HaykK CCCP 
1958. Tom 123, Ns 4 


HHTOJOLHA 


B. A. BPOACKHHM u H. B. HEUAEBA 


O 3ABHCHMOCTH ME)KAY KOJIMYECTBEHHbIMM HSMEHEHYAMU 
PHBOHYKJIEHHOBOM KUCJIOTbI, HHTEHCHBHOCTbIO 
®YHKILMOHHPOBAHHS HW TPO®HKON HEMPOHA 


(HA TIPHMEPE WMTOXHMMYECKOFO MCCJIEQOBAHHA FAHPJIMO3SHBIX 
KJIETOK CETUATKH) 


(ITpedcmasaeno axademuxom A. H. Bakyaeeoim 11 VIII 1958) 


ViszpectHo, 4TO KOMMYeCTBO PpHOOHYKIeNHOBOH KucOTHI (PHK) B wuTonja3-— 
Me HeEPBHbIX KJI€TOK 3HAYHTeJIbHO H3MCHACTCH B 3aBHCHMOCTH OT HX (byHK-— 
I\MOHa/IbHOrO cocTosHHA. B pesyubTaTe HanpsxKeHHOH paOoTbl HeMpoHoB (pH 
yTOMJeHHH) coqepxanve PHK cuuxKaetca (1%). [pu agoxpaTupix pasqpaxke- 
HHAX MPOUCXOAUT YBEJIMYeCHHE KOJIMYeCTBA STOTO BELLECTBa B WHTOMIa3Me HepB- 
HbIX KseTOK (*,°). Bricokad KoHWeHTpalua PHK u ee ma6usbHOCTb B 3JICMeCH- 
TaX HepBHOH cucTembl OObACcHAIOoTcA yuacTHem PHK B cneuuduyeckoh dyHK- 
uM Helpouos (',°). OqHako Bonpoc o cnocobe yuacrua PHK B xn3HeeATeJb- 
HOCTH He€pBHbIX KJI€TOK TpeOyeT cnelvaIbHOrTO uccieqOBaHuA. Panee HaMH 
6bIO MOKa3aHO, UTO MPH a9KBaTHOM CBETOBOM pa3ApaxKeHun KoHYecTBO PHK 
B ILMTOMIa3Me TaHrIHO3HbIX KJICETOK C€TYaTKH JIATYWIeK BO3pacTaeT C TeYeHHeM 
BPeMeHH OCBeleHHA (7), MPH JVIMTeIbHOM JlelicTBHM CBeTOBOrO pa3qpaxKuTelA 
coflepxkaHuve 9sTOrO BellecTBa CHMxKaeTcA. B To Ke BPeMA MbI MOrsH yOeqUTbCA 
B TOM, 4YTO H3MeHeHuaA PHK ne cBa3aHbI HEMOCpeACTBEHHO CO cnelMdpuyeckoli 
cyHKuuel Hefponos. HaOmroaemaa 3aBHCHMOCTb MEY 2THMH JBYMA SABJIe- 
HUAMM TOJIbKO KOCBeHHad, BTOpHuHas. Bo-nepBbix, yBemMyeHHe cosepKaHua 
PHK ue coorsercrBoBaslo XOAy CBeTOBOM ajlanTallMH 2XKHBOTHbIX, a MpOucxo- 
QWNO 3Ha4HTeIbHO 1032%Ke. Bo-BTOpHIX, HM B COCTOAHHM JJIMTeIbHOTO OTHOCH- 
TeJIbHOrO IMOKOA TaHIIMO3HbIX KJIeTOK (mocme 24 uacoB mpeOblIBaHHA 2XKUBOT- 
HbIX B TeEMHOTe) B HX IMTONMasMe coxpanseTca PHK, Haauune KoTOpoi He 
MOXET ObITh B aHHOM Cylyuae OObACHEHO yY¥aCTHeM B cneluduyecKo yHK- 
ILMH. 

B Hacrosmed padote uccieqoBasuch culeqyroujue Bompotsi: 1) 3aBucHT Ju 
CKOpocTb M3MeHeHua PHK or wuTeHCMBHOCTH cBeTOBOrO pa3qpaxKeHua; 
2) oOa3aTeIbHO JIM yBelMueHHe KOuIM¥ecTBa PHK cBasaHo c mposom«Ku- 
TeJIbHbIM Je€HCTBHeEM CBeTOBOrO pa3paxKUTeIA, WH OCTaTOUHO JaTb OTHO- 
CHTCIbHO ClaObIH UMIybe (HampHMep, 2—5 MMH. OcBelleHus), Mocne uero 
KOMMU4ECTBO BelllecTBa OyeT HapacTaTb HU B TeMHOTE; 3) CyIecTBYIOT JH Ce30H- 
HbIe KONeOaHHA B CofepxkanuM PHK; 4) KaKoB MCTOUHHK yBeIHYeHHA KOVIH- 
yectBa PHK. 

OnpiTbl MpOBOAMIMCh Ha Jaryuikax (Rana temporaria). Onruueckaa muor- 
woctb PHK B WuTomla3sMe raHrMO3HbIX K€TOK CeTuaTKH Onpewenaach c M0- 
MOIbIO YJIbTpapvoreToBoH wWuTodoTromerpun. Cnoco6d o6pa6oTku u aHasmusa 
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MaTepHaJla OnMcaH Hamu pauee (’,*), Cogepaxanne PHK B Kkaxkyom BapnaHte 
OMbITa ONpeeAIOCb, KaK cpeyHee * u3 u3sMepeHuit 50—70 oTeNbHbIX KJIeETOK. 
B pesybrate paOorbl BbIHCHHIOCh cylefyroulee: 

1. CkopocTb u3sMeHeHHsa KonHYecTBa PHK saBucuT oT MHTeHCHBHOCTH pa3- 
ApaxkeHHA PaHrIMO3HBIX KeTOK. I]pu OcBelleHHM JIATYIIeK Me/IbKaIOLLMM CBe- 
TOM (30 JK) ¢ YacToToH | BcnbuKa B | ceK. cofepxanve PHK nauunaer yBeau- 
YMBaTbCH (CPaBHUTebHO C KOHTPOJIbHbIMH 2KMBOTHBIMH, COslepxXaBLIMMUCA 
B TeMHOTe) y2ke uepes 5 MHH. noce HaYasa JelicrBuA CBeTOBOrO pa3_paxKu- 
TeJIA, JOCTHTae€T MAKCHMAJIBHOH BeIMYMHbI Yepes 4 Yaca HM CHUKAeTCA BeeL- 
CTBHe yTOMJI€HHA Tvia3a uepes 6 uac. IIpu uacrore BcnbIMeK MeJIbKatolllero CBeTa 
1 Bcnbilmka B 3—4 ceK. yBeIMYeHHe HayvHaeTcA TObKO uepe3s 20—30 mMuH. H 
‘MOcCTHraeT MakCHMyMa paHee yem 4epe3 6—12 ac. 

2. CyuecrByeT npsamaa (xOTH M He MponopuMoHambHan) CBA3b MexKY 
NPOAOMKUTEIbHOCTHIO JeliCTBHA CBETOBOTO pa3{paxKUTeIA WU YyBeMYeHHeEM 
‘cogepxkanua” PHK. Kak BuyHo 3 MpHBOAMMbIX HW>Ke JaHHBIX, CpeqHAS ONTH- 
yeckaad noTHocTtb PHK B kjerKax y 2KHBOTHbIX, MOMEICHHbIX B TEMHOTY N0- 
CJl€ Pa3HbIX CPOKOB OCBeLeHHA, JIHMOO OcTaeTCA Ha YPOBHE KOHTPOJIA, ecCK 
KomMyuectBo PHK ene He Hayao yBeIMUMBaTbCA, JIHOO CHW2KaeTCA CpaBHH- 
TeJIbHO C HeEHPOHaMH, B3ATHIMH WIA aHalu3a Cpa3y xe mMocse pasqpaxkenna (pK 
OobuWINX CpOKaxX OcBelleHHs). 


Temnota 48 yac. (KOHTpOVIb) 0,43-+-0, 006 

CBeT 5 MHH. 0,12-+0,01 
» oO MHH., 3aTeM TemMHOTa 40 MUHH. 0,12-++0,007 
» 10 mun. 0,180,005 
» 40 MuH. 0,47-+0,005 
wep dicaac: 0,21-++0,008 
» l wac, 3aTem TemHoTa 1 uac 0,16-+-0,01 
5 ECA 0,35-+-0 ,02 
» 2 ¥aca, 3aTeM TemHOTa 1 ac 0,22-+40,04 


MuTeHCHBHOCTb CHWKEHHA KOJMUecTBa PHK nocie mepexofla OT aKTHBHOrO 
(PYHKWHOHHpOBaHHA Tvla3a (CBeT) K COCTOAHHIO OTHOCHTeIbHOrO MOKOA (TeM- 
HOTa) HaXOJHTCA B OMpeeeHHOM 3aBHCHMOCTH OT MCXOAHOTO cosepxKaHUA 
3TOrO BellecTBAa. 

3. CymlecTByeT 3aMeTHaA CBA3b M@KLY KoHYecTBOM PHK B raHruiHO3HbIx 
KJleTKaX H OOWLHM (hH3HOJIOrHYeCKHM COCTOAHHEM 2KHBOTHBIX. 

Ilocme 1—2 Het HaxOxwKJeHHA JIATYWIEK B TEMHOTE ILMTOMIa3Ma KJICTOK CeT- 
yaTKkH coxpaHser PHK. Oguako kovMyecTBO 93Toro BelllecCTBa HeOJMHAKOBO 
B pa3uiM4HOe BpemaA Toga. EcaM B Miowe cpeqHAA ONTHYeCKaa MIOTHOcCTh PHK 
B MaJIO AKTMBHbIX KJI€TKaX (TCMHOTa) JOBOJIbHO BbICOKa — OKOJIO 0,17, TO 
B OKTHOpe 9Ta BeIMYHHa CHMKaeTcA WO 0,13 u coxpaHnAeTcA Ha TOM Ke yPOB- 
He B JleKaOpe MH AHBape, a B MapTe CHWKeHHe OCOOeHHO BemHKO — jo 0,05 **. 
Tlomo6upie ce30HHbIe KONeOaHHA B CosepmKaHHH PHK B ksleTKax, HaxXOJAMLUxcH 
B COCTOAHHH OTHOCHTEIbHOTO MOKOA, BO3MOXKHO, OObACHAIOTCA H3MeCHEHHAMH 
oOulero ypOBHA OOMeHa BellecTB y JIATYWWeK B pa3sHble nepHosH rosa. BaxuHo 
OTMETHTb, UTO CHW>KeHHE KOHUeHTpayHH PHK nocae nomeueHHaA B TeMHOTY 
paHee OCBElUaBLIHXCA XKHBOTHBIX MPOHCXOJHT JOBOJIbHO ObiICcTpO — yepes He- 
CKOJIbKO uacoB. Jlasee, BelleCcTBO OcTaeTCH Ha MPHOJH3HTeIbHO OHHAKOBOM 
ypoBHe 1—2 Ha, a, MO HeEKOTOPHIM JaHHbIM, LO AByX Heeb (°). Yxxe 9TO Ha- 
6l0eHHe TroBopuT o Tom, uTOo PHK oGecneunBaer He TOKO cnelupuyeckylo 
(byHKUHiO HEHPOHOB, HO TakxKe H Oosee OOMLMe MPOLecchl UX KH3HEAEATEIbHOCTH. 

4. Moxuo JyMaTb, YTO HCTOUHHKOM yBeIMYeHHA KOMHUecTBa PHK B ran- 
TIHO3HBIX KJICTKAX ABJIAIOTCA BeULECTBa, MPHHOCHMBbIe B ceTUaTKy C KPOBBIO, 
a He BHYTPeHHHe pesepBHI KIeTOK. OG 9TOM TOBOPAT OMBITHI, KOTOPbIe ObIIM 


* TIpu matemaruyeckolt oOpaOoTKe JaHHbIX PaCCuHTbIBANOCb cpefHee apudMeTHUeECKOe K 
MequaHa JIA Kaxyoro pxaya. Tak Kak 9TH BEMMUHHbI MOUTH COBMAaH, Mbl MPHBOAMM B pabore 
TONbKO cpesHue. 

** B mapre peakl\HA JIATyWeK Ha CBeT TaKOBa Ke, Kak H B Apyroe BpeMA Tofa. 
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NocTaBJIeHbl Ha HOPMaJIbHbIX JIATYWIKax H nepexKHBaroulux npemapatTax — | 


H3OMpOBaHHIX ceTyaTKax. Cy 0 JaHHbIM MHOFOUNCJICHHBIX 9seKTPOpH- 
3HOMOPHYeCKHX pa6oT, NMOMOOHHIE MpenapaTbl ABAIOTCA Ya4HOH MOJeJbIO 
WIA W3y4eHHA PUsHONOrMYecKOH akTHBHOCTH rasa. IIpuroToBseHue nperapa- 
TOB HM HX COXpaHeHHe BO BpeMA OMbITa OblIH TOUHO TaKHMH, KaK 39TO IIPHHATO 
y cusuvonoros. IIpenaparst uccieqyemol cepuu OOsayator HOPMaJIbHOH aKTHB- 
HOCTHIO. JIarylIKH M mpemapaTb! OCBeLIaIHCb OHOBpemMeHHO (1 BCMbIMIKa B 
3: CEK,). 

PesyIbTaTbI ONbITa CyYMMMpOBaHbI Ha pHc. 1, u3 KOTOpOrO BHAHO, UTO TaH- 
PIMO3HbIe KJIeTKH CeTYaTKH JIAPYWIeK NpeTepmeBaloT H3MCHCHHA, OODIYHbIC WA 
aHupix ycsoBpult ocBeujenua. Uepes 40 Muu. OnTHYeCKaA MJIOTHOCTb PHK ua- 
yHHaeT HapacTaTb, uepes | vac yBemMueHHe mpeBpiuaeT 50% CpaBHUTebHO 
€ KOHTPOJIbHbIMH 2KHBOTHDIMH, Haxofautumuca 24 yaca B TemHOTe. CojepxKa- 
Hue PHK B UWuTonmsa3Me YaHIvIMO3HbIX KJICTOK MU30JIMPOBaHHbIX CeTYaTOK 
(apenapaToB) JOBObHO ouIro, B TeyeHHe 40 MHH., OcTaeTCH Ha TOM Ke 
YPOBHe, KaK Y KOHTPOJIbHbIX NpenapaTOB, a 3aTeM YMeHbIaeTCA. OTO CHMXKE- 
HH HeIb31 OObACHHTh OJHHMM H3MeCHeHHAMM XHMMYECKOFO COCTaBa He€HPOHOB 

B MepexKuBalollux mpenapatax. Ue- 

t pe3 1 uac coxpaHeHHA H30JIMpOBaH- 

f HOH Ce€TYaTKH B TEMHOTE KOHILCHTPa- 

Y mua PHK B Hew CHM KaeTCA B 3Ha- 

a UHTCJIbHO M@HbIUeH CTeNMeHH, YeM 3a 

ak TO 2Ke BpeMA MpeOLiBaHHA mpenapa- 

q==- te a “7 Nanee TOB Ha cBeTy. J[aiee MbI H3YYHIH H3- 

as 1 } t meHeHuia PHK B mpenmapatax, BbIJe- 

JIGHHBIX H3 JIAryWIeK, KOTOpbIe MOL- 

open Tier le: BepraJIucb JeHCTBHIO cBeTa JO mpe- 

; a a a Pte mapupoBaHua. B raHrviHO3HbIX KJIeT- 

te KaX %KHBOTHBIX, UCMOJIb3OBaHHBbIX 

JIA MPHrOTOBJIeCHHA MpemaparToB UH B 

Puc. 1. Wamenenue ontuyeckoit noTHocTH CBeKEBbIeICHHOH H30JIMpOBaHHOH 

PHK(D) 8 ranranosubix kaeTKaX CeTYATKU IPH CepyaTKe CPeAHAA ONTHYeCKAA MVIOT- 

pa3HOM Bpemeun (7, MMH.) OCBeLIeCHHA KUBOT- 

ubIx (1) 1 mpenapator (2) Hoctb PHK pasuasiacb 0,31-40,01 

(cpaBHuTebHO c 0,13-L0,009 y kKox- 

TPOJIBHBIX 2KHBOTHDIX, HAXOJMBUIMXCH JO ombira B TeMHOTe). JLONOIHUTeIbHOe 

OCBeILCHHE TAKHX H3OJIMPOBaHHbIX TpenapaToB B TeyeHHe | 4uaca MPHBOLMIO K 

CHWKEHMIO OnTHYecKOH muoTHOocTH PHK go 0,08--0,009. Takum o6pasom, 

usMeHeHua PHK B ceruaTKe WesbIxX JIAryleK HM (bu3HOJIOrMYeCKH AKTHBHBIX 
npenapaTaX CYyUeCTBeHHO pa3JIMualIoTCs. 

BaxkHO OTMeTHTb, YTO NO (PPH3HOMOFHYeCKHM JaHHbIM (YHKIMOHAJIbHBIe M0- 
Ka3aTeJIH M30JIMPOBaHHbIX lIpenapaTOB CYUIeCTBEHHO He H3MCHAIOTCA B MIpo- 
M@*KYTKH BPe€MeHH, 3HaYHTeIbHO OoubmHe, Yem 1 yac. : 

Yeeuuenve KoMuecTBa PHK B Heliponax ceruaTKH JIATYWIKM Mpoucxoyur, 
BepOATHO, 3a C¥eT IIPHTOKa ee MpeAWeCTBEHHHKOB C KpoBbio. B u30HpoBaH- 
HbIX TIpemapaTax, JIMUICHHbIX KPOBOOOpalleHHA, MOBbILeHHA CcOosepxKaHHa PHK 
He mpoucxoguT. K stomy xe BbIBOLY MPHBOAAT pesybTATbI HalIHX OMBITOB c 
JIATYWIKaMH, KOTOPbIM Tepe, CBETOBbIM Pa3fpaxKeHveM Obi BBECH AMMJalHH. 
['a3a TakHX 2KHBOTHBIX COBEPUICHHO O6e3JBUXKEHbI H B 3TOM OTHOLICHHH CXOJ- 
HbI C H30JIMpOBaHHbIMH [pellapaTaMu, HO KpoBooOpallleHve CYLIeCTBeEHHO He 
HapyueHo. M3menenue PHK B ceruaTke JarymieK, O6e3BMxKeCHHBIX JuMa- 
WHHOM, IIPHOJIMSHTeIbHO TakOe Ke, KaK y HOPMaJIbHbIX 2KMBOTHBIX. 

PesyJIbTaTbI HACTOAMErO HCCMeLOBAHUA MOATBEPAKLalOT BLIBOALI HALIMX mpe- 
Abilyuyux pador (’,1°) 0 Tom, uro PHK ue yuacrsyer HenocpeCTBeHHO B 
cnelMpHyeckoH :yHKWMH HepBHOH KerKH. M3menenua PHK npu capurax tbyHuk- 
UMOHAIbHOrO COCTOAHHA HelpOHOB He nepBHuHbI. B TO xe BpeMaA 3aKOHOMEp- 
HOCTb STHX H3MCHEHHH, OTMeYeHHas! MHOruMH aBTopamu (},4,7,1!24), ropo- 
PUT O CBASH PHK c Hev3BecTHEIMH MOKa OCHOBHBIMA XHMHUCCKHMH TpolleccaMu 
HEPpBHOH eATeIbHOCTH. 
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Jloknanm Akanemun nayk CCCP 
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OKCHEPHMEHTAJILHAA MOPPOJIOLH 


WM. ©. POFAJIb u B. B. MAKCAXM 


PEPFEHEPALLHOHHAA CNOCOBHOCTb YEPEMHOM MOKPOBHOM 
KOCTHOH TKAHW Y TENJIOKPOBHbIX )KHBOTHbIX 
B MOCTHATAJIBHOM OHTOTEHE3SE 


(ITpedcmaeaeno axademuxom E, H, Ilasaoeckum 7 VII 1958) 


PasBuTue uepenHOH KOCTH B Mpollecce *usioreHesa WIIO MO JIMHHH yCJIOK- 
HEHHA (POpMbI WH CTPyYKTYPbl YepenHOH KOPOOKH B CBA3H C yYBeJIMYeHHeEM Pa3sMe- 
pOB rOJIOBHOrO MO3ra 3a CUeT paspacTaHHA Oo/biuuxX NowymapHh. Ilo MHeHHIO 
A. A. 3apap3una u C. H. Wlenkynopa (?,*) y Bcex BbICLIHX MJIEKONHTAIOWUX 
2KMBOTHBIX H YeJIOBEKa MOKPOBHbIe YePeMHble KOCTH BOSHHKAIOT B YepenHOH KO- 
poOke 3 Me@3CHXHMAJIbHOH 3aKJaKH, He NPOXOLA XpALLeEBOH cTaqHU pa3sBUTHA. 
Y HU3IIHX 2K MO3BOHOUHbIX KOCTH, OOpa3yloulHe KpbIllly yepena,— JIOOHEIe, 
TEMCHHbI€, BHCOUHbIE H 3aTbIIOUHbIe — OOpa3s0BaHbl XPALWLOM, Ha KOTOPOM 
pacnoJiaraloTca MNOKPOBHbI€e OKOCTeHeHHA. 

JI. B. Tlomexkaepp (4,5) o6Hapyxena y coOak HM OeubIX MBIUeH XpsAUeBaAa 
cTaqWA pa3sBHTHA YepenHOH NMOKPOBHOH KOCTH. 

IIpu norepe uepenHOH KOCTH WIM ee PaHeHHH Y B3POCJIbIX 2KMBOTHBIX HM Ye- 
JIOBeKa YePenHble paHbl HU WePeKTb! 3aMellaloTca (PUOpOsHOH rpyOoBOJIOKHUCTOM 
TKAHbIO; YEPEMHbI€ KOCTHbI€ JJICMCHTHI y COOaK, OeJIbIX KPbIC H pada Apyrux 
MCCJI€@OBaHHbIX BbICIUHX MO3BOHOUHBIX He OOpasyIoTcA. 

B pa6ore (°) ObluI0 NOKa3aHO Ha KpOJIMKaX H COOaKaX, YTO CylecTByeT Ba 
cnocoOa perenepauuH. Y KpOJHKOB JedeKTbl Yepena 3aMellaloTCA CNOHTAHHO- 
pereHepupylouleH yepenHOH KOCTbIO, a y COOakK BOCCTaHOBHTeJIbHaA cmocob- 
HOCTb YepenHOH MOKPOBHOHM KOCTH H3MCHHAeTCA C BO3PaCTOM: B NepBble MeCALLBI 
NOCTHATaJIBHOH 2KH3HH WeCHAT pereHepallHvaA YepeMHOH MOKPOBHOH KOCTH Mpo- 
HCXOAMT ObICTPO MH 3aBeplaeTCA MOJIHbIM BOCCTAHOBJICHHEM Yepe\»nHbiIX MOTepb 
HOBOOOpa30BaHHOH KOCTHOH TKaHbio. PereHepalWOHHadA CMOCOOHOCTb coxpa- 
HACTCA MPHOJIH3HTebHO WO 6-mMecauHOrO Bospacta, a B JlaJibHeHWIeM HCuesaeT 
HM HaHOCHMBbIle nocule STOTO cpOKa UepenHble paHbl H TedekTh! 3aMelllaroTca He 
KOCTHOH, a pyOlWoBoH (buOpo3sHOH COeAMHUTeEJIbHOTKaHHOH O6oT0"UKOH. Bpwio 
oTmeyeuo (°), uTO y GebIX KPbIC BOCCTAHOBHTEIbHaA CHOCOOHOCTh UcuesaeT ele 
B Oovlee paHHHe CPOKH MOCTHaTaJIbHOH XKH3HH, H HaHeCeHHbIe YepenHble Je- 
(peKTHI 3aMeulaioTcA CbHOpo3sHOH OOOOUKOH JIM MJIe€HKOH. 

Mor noctaBusin ceOe 3afauy H3y4HTb BOCCTAHOBHTeIbHbIe Mpollecchl wepen- 
HOM KOCTH KPbIIIM Yepena B MNOCTHATAJIbHbIM NepHOR pa3sBHTHA psxjla 103B0- 
HOUHBIX 2KHBOTHBIX, UYTO MOFIO Obl MOMOUb MPOJHTb CBeT Ha MpPHUHHbI 
naweHuA pereHepallMOHHOH CNOCOOHOCTH BO BHeYTPOOHbIH NepHok pa3sBUTHA 
JJOMalIHHX KHBOTHBIX 

B sa6opatopuu 30070rnH BenollepkKoBckoro CcebCKOXO3AHCTBeHHOrO HH- 
CTHTyYTa Ha mpoTaxeHuH 1953—1956 rr. u3yyasacb BOCCTaHOBHTeIbHaA CHo- 
COOHOCTh YepenHOH KOCTHOH TKaHH H€KOTOPbIX MJICKOMMTAIOWLUX (ATHAT, KO3- 
JIAT, MOPOCAT) HW NTH (Kyp, yTOK wu rycel). OmbiTbl craBuuch Ha ATHATAX 
1—25-HeBHOrO BO3pacTa, MOpocaTaX HM kO3sIATax 25-qHeBHOTO BOspacTa, 
Kypax, yTKaX HM Trycax — 3-mecauHOrO HM cTapmero BOSspacrTa. 

MeTOAHKa UCcCHeROBAHUH. Y XMBOTHIX BHINMIMBaICA Ky- 
COK NOKPOBHOH YepeNHOH TKAaHH B JIOOHO-TeEMEHHOM, BHCOUHOM HIM 3aTbWIOUHOL 
OOsacTH M MpOCeARUBAOCh TEYCHHE KOCTEBOCCTAHOBJIEHUA yJaJICHHbIX KOCTeH 
cpofqa uepena. Uepenupre fecbeKTbI OKpyrvible, WuamMeTpom: y sarnat 20 mM, 
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mopocaT Hu Ko3iaT 10 MM; y Kyp, yTOK mM ryceli jedeKTHI ObWIN KpyTruible, 
H MIPAMOYTOJIbHbIe, PasMepoM OT 5 Jo 12 mm. Koctu uepena cuKcupoBalHce 
B 10% dopManune, usyyanuch pentrenorpacbHuecku u MaKPOCKOMHYeECKH. 
Uacrb yepenoB Oba BbIBapeHa u ccboTorpadbupoBana. Jpyraa uactb 6piia 
MCNOJIb30BaHa Jt THCTOMOrMYecKOrO H3yyeHHaA. B ocTaJIbHOM Halla MeTO.MKa 
‘Obiia Ta Ke, YTO B paOote (’). Bcero 60 noctaBeHo 60 ombiTOB. 
PesyabTatTHh ucceneqoBpanuilt. Ha arnatax Opwio nocraBmeHo 
5 onmbiToB. Hu B OAHOM 13 HHX MbI NONHOM pereHepallMH MOKPOBHBIX KOCcTeli 
KPbIUM yYepena He NowyunsH. OHako y ATHAT OTMeyaeTCH YaCTHUHAA pereHe- 


Puc. 1. a— dopma pedexra uepenHoi moKpoBHoli KOCcTH B TeMeHHOM oGsacTH, 
CJIeBa, 3AMeWIEHHOFO Mocse TpenanHaluH HOBOOOpas0BaHHOH PuOpoO3sHOH COeAMHUTEb- 
HOTKAHHOH OOo0UKOH. B3apocabili GapaH uepes 117 qHeii Mocne HaHeceHns 4epen- 
HOH PaHbl. 4. O — uepenHoH fecdbexT. 6 — d@opma fedexTa B TeMeHHO! oO6sacTH, 
cipaBa, 3a4MeWleHHOrO Mocse TpenavalHun PuOpo3HOu COeAMHUTECJIbHOTKAaHHOM OOoW0"- 
KOH HW HMeIOWero 3yOOBHAHBIM MasbIli pereHepaT KocTH (mpxk). ToT xe CpoK 


pala yepemHOoH KOCTHOH TKaHH. Ec y B3pocubIxX OapaHOB B KOHTpoue Je- 
qeKT yepena Bcera 3aMellaeTca JIMWIb PUOPOSHOH COeAHHUTEIbHOTKaHHOH O60- 
JIOUKOH W pereHepalluA YePeNHbIX KOCTHBIX 3JICEMCHTOB JlaxKe NO KpaxiM KOCTHOrO 
epekta OTCyTCTByeT, TO Y ATHAT MOXKET HMETb MECTO YaCTHYHAA WIM MOUTH 
noviHad pereHepalluaA yepenHOH kocTH (puc.1 a). Perenepauua yepenHou KO- 
CTH BCerla HeT H3 Kpas KOCTHOrO jleeKTa, HaYHHaA M3 KpPaeBOH MOJIOCKH 
NOKPOBHOH KOCTH, uallle NpMiexkalllel K IHMOKPaHHaJIbHOH HayKocTHHLe. B JaJib- 
HellleM HOBOOOpa30BaHHbl€ KOCTHBIE€ 3JICMCHTHI CMbIKalOTCA, OOpa3yxA WH 3y6- 
YaTbIH WOB, HIM KJIMHOBHHbIN CTBIK. B cpeqHel uacTH yepemHoro AeteKTa KO- 
CTH MOJIHOCTbIO He COWICHAIOTCA HW M@KAY HAMM TpoJleraeT HeOONbWIaA COeH- 
HHT@JIbHOTKaHHaA (uOpo3sHad mpoOKa. OCHOBHBIM NIpensATCTBHeM K TOJIHOMY 
3aKPbITHIO YepenHOro JedektTa ABJIAeTCA ObICTpoe H MOWLHOe pasBHTHE c:uOpos- 
HOH CO€JIMHUTeIbHOH TKAaHH, KOTOPad OKa3bIBaeTCA HeMPeOOMMMOH JIA pe- 
reHepupyrouleH KOCTHOH TKaHH mperpayon. 

Yxe K 4—5-mecH¥uHOMy BO3pPacTy BOCCTAHOBHTCJbHaA CIOCOOHOCTb KOCT- 
HbIX 9JICEMCHTOB MOKPOBHOrO Yepena y ATHAT HcYuesaeT. Ha Kpato 9HAOKpaHHavib- 
HOM KOCTHOM MOJIOCKM MOryT BOSHHKaTb JIHUIb OUCHb MaJICHbKHe MOCTHKH KOCT- 
HOH TKaHH. Ha ocTawbHOM MOulaqH KOCTH KpaxH KOCTHOM PaHbl OKa3bIBAalOTCA 
HECKOJIbKO 3aKPYIJICHHbIMH, H AeseKT yepenHOH KOCTH Ha BCeM eFO TIpOTAKeHHH 
3aMelllaeTcaA MJIOTHOM uOposHoH mpo6Kok (puc. 1 6). B eme 6omee mo3sqHne 
CPpOKH (HO HHOTla HW OYCHb PaHO) HOBOOOPasOBaHHe KOCTHBIX 3JIEMeCHTOB COBCEM 
MpekpalllaeTcA, BOCCTaHOBUTebHad CMOCOOHOCTh YepenHOH MOKPOBHOH KOCTH 
vicuesaerT, H ledeKTH Yepena BO BCeX CJIYYaAX OKa3bIBaIOTCA 3AMELLCHHBIMH (pH- 
6po3sHoH odoo0uKON. 

Crpoenve muOpo3HOH TKaHH, BOSHUKaIOMleH B OOMacTH YepenHOrO necekta 
y OapaHoB, HHYeM CYLeCTBEHHbIM HE OTJIHYAeTCA OT CTPOCHHA COCIMHUTCIbHO- 
TKAHHOH (buOposHoH O6o0uKH y APyruX XHBOTHBIX. HopooOpa30BaHHanA Ha 
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MecTe HaHeCCHHBIX YePeNHbIX PaH YepeMHad KOCTb. 10 KpalO HCTOHYeHA H UMeeT 
dopmy KuHa. CBepxy  CHH3y OHa BbIpPaBHeHa HM HMYeM HE BbIeIAeTCA CPeAu 
OCTAJIbHBIX KOcTeH (puc. 2). 

Y Bspocabix OapaHoOB MHOra MOXKET HMeTb MeCTO OOpasOBaHHe KpaeBbIX 
MOCTHKOB, KOTOPBI€ B JaJIbHeHUIeM COXPaHAIOTCA B TAKOM %KE BUC, OKYTAHHbIC 
MOTHOH MydTolt — tbyTapoM M3 rpyOoOH COeCHHHTCJIbBHOH TKaHH. 

Ha KoaysTax ObWIM nocraBAeHbI 2 ombiTa, pH cpoke HaOOseHUA 2 rosa. 
Y KO3JIAT, Tak Ke KaK HM y APHAT, PereHepalluA YepeMHOH KOCTH MOXeT MPOHC- 
XOJHTb 10 KpadM KOCTHOFO JepeKTa, MOJHOTO %Ke 3aKPbITHA YEPeMHOW PaHbl He 


Puc. 2. Dopma ocTaTOuHbIX YePeNHbIX KOCTHBIX ePeKTOB y ATHAT Nocwe BOCCTAHOBJeHHA. 

a—s Bospacte 194 gua: 1- pechext (/ 0) HaHeceH B eHb pomeHuaA ArHeHKa, 2-i mecbexT (2 0) 

HaHeceH Ha 85 eHb Moce poxmeHua; 6 — B BO3pacTe 257 AHer: 1-li RedbexT (/ O) HaHeceH Ha 
2 WeHb moce powkseHusa, 2-H Rebext (2 0) — uepes 84 AHA Mocme NepBoro 


HaOsofamocb. B cepequHe JepeKT KOCTH 3aMellaeTca PHOPO3HOH OOoOUKOH, 
oOpasyiouleH (yTAp BOKPyr KpaeB KOCTH. 

Ha nopocatax Opluio nocTaBsIeHO 2 ONbITa CO CpOKOM HaOuOyeHHA 170 WHEL. 
YcTaHOBJIeHO, YTO YepenHbIe WedeKTb! y NOPOcAT 3aMelllaloTcA TakxKe (PuOpos- 
HOH COCAMHHTeEIbHOH TKaHbIO HW MOJIHOFO 3aKPbITHA MepeKTOB Yepena He Mpo- 
ucxoqutT. Perenepalua uepenHoH KOCTH MpOHCXOAUT TOJIbKO MO Kpato edekta 
B BHJ€ KJIMHOBHAHbIX BbIpocToB (pc. 3). B 3aqHel uacTu Aedekta, Ha OombuIeH 
ero 4acTH, HMeeTCH yuacTOK HepereHepHpoBaBlieH KOCTH. PereHepalluaA KOCT- 
HOH TKaHH HeT U3 SHAOKPaHHaJIbHOM KOCTHOH KpaeBoli nomOcKH. HoBoo6pa3o- 
BaHHad KOCTb HMeeT (OpMy KOHYycooOpa3HOH BnadHHbl. OnOposHan OOoO"KA 
o6pa30BaHa BOJIOKHaMH NepHKpaHHA UM 9HAOKPAaHHA UH MOAKOXRKHOK COCMHUTEb- 
HOH TKaHbIO. CoeqHHHTeJIbHOTKaHHad MydbTa Y 9THX XKMBOTHBIX TaK%Ke OKa3bl- 
BaeTCA HEMPeOROJMMOH JWIX pereHepHpyrlouleH KOCTH. 

Ilo pereHepalHOHHbIM CBOHCTBaM YepenHad MOKPOBHaA KOCTb OBell, KO3 UH 
cBHHeH B PaHHHH NOCTHAaTaJIbHbIH NepHO, CTOHT Ha OJHOM YPOBHe Pa3BUTHA. 
Mor o6bxCHAeM CJla6yoO pereHepallHOHHY!O CMOCOGHOCTbh KOCTHOM TKaHH HeO- 
cTaTOUHOH LeqHdpepeHUHPOBKOH KOCTHbIX 3JIEMCHTOB, a B CBA3H C 39THM H Cula- 
ObIM HOBOOOPasOBaHHeM KOCTHBIX 9JIeCMeHTOB. Poct duOpo3HoH o6o04KH, 
OKPyXKalouleH MJIOTHbIM CJIOCM KOCTHBI€ JJICMCHTLI KPa KOCTHOYO JlecpeKTa, Mexa- 
HHYeCKH MPeNATCTBYeT BOCCTAHOBJICHHIO YepeNHOH MOKPOBHOHM KOCTHOH TKaHH. 

Ha OcHoBaHHM paHee NOJIYYeCHHbIX HaMH JaHHbIX 10 H3y4eHHIO BOCCTaHOBH- 
T@JIbHbIX MPOWeccOB YepenHOH NOKPOBHOM KOCTHOM TKAaHH y Pa3JIMUHbIX JOMALII- 
HHX 2KMBOTHbIX MOXKHO NPeANOJIOKUTh, YO Ha TeYCHHE BOCCTAHOBMTEJIbHbIX 
TIpoleccOB YepeNHOH NOKPOBHOH TKaHH Ppellialoulee BJIMAHHE OKa3bIBaeT H3Me- 
HeHHe OOMeHA BellecTB, HMCHHO COKpallleHve MOCTYMIeCHHA B OpraHu3M BUTaMH- 
HOB pocta (BHTamuH A) 4 OcTHuKalHH (BUTaMuH D), a TakxKe HeEKOTOpPBIX MH- 
HepaJIbHbIX BeulecTB. BoccraHoBJeHHe pereHepalHOHHOH cmoco6HocTH Yepen- 
HOM MOKPOBHOM KOCTHOH TKaHHM B OHTOTreHe3e cOOaK, OeJbIX KPBIC, OBelL MO 
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BIIMAHHCM BBeeHHA B MMULCBOH pallMOH BUuTamMuHoB A u D u munepasb- 
HBIX CO/leH Obl NOKa3aHO B HalMx padorax (°,’). 

Uepenhaat MOKpOBHad KOCTHad TKaHb NTH M0 CBOMM BOCCTaHOBUTeAbHDIM 
CMOCcOOHOCTHAM CTOHT Ha OcOGom mecrte. Kak H3BeCTHO, y NTH MpOucxo_UT 
CIMAHHE MOKPOBHBIX YePeMHBIX KOCTeH, YTO BeLeT K OOPa30BaHHIO CIMOUI- 
HOH NOKPOBHOK YepenHow KppuukH. JLepekTbl yepena y MmomnopEix Kyp 3—4- 
-MeCHYHOrO BO3pacTa pa3MepoM 5 MM, HaHeCeHHbIe B JIOOHOM, TeMeHHOI H 
3aTbIIOUHOH OONaCTAX, Ha mpoTsxKeHnu 30 [Heli 3amematotca HOBOOOpa30BaH- 
HOH YepenHOH MOKPOBHOM KOCTbIO HOPMaJIbHOrO crpoeHus. Y Bspocupbix 
KYyP BOCCTaHOBHTCIbHaA CMOCOOHOCTh SHAaYHTCbHO CHMKaeTCA, XOTA pere 
Hepa vepenmHOH KOCTH MOJHOCTbIO HE mpeKpa- 
maetcx. KocrHble 3JIeMeHTbI BOSHHKaIOT MeJVIeHHee, 
Wf JepexThl vepena 3aMellaoTca HOBOOOpas0BaHHOli 
KOCTHOH TKaHbIO B Ooslee MO3HHeE CpoKH — B 
TeueHve 4—8 mec. Y oueHb cTapbixX Kyp B OOacTH 
HaHeCeHHOrO YepenHoro AedeKta O6pasyr1oTcs octT- 
POBKH KOCTHOH TKaHH, Mex y KOTOPBIMH pacmouia- 
TaioTcA COeCQMHHTeCJIbHOTKaHHbIe BOJIOKHAa, 3alouJ- 
HeHHbI€ MMHepPaJIbHbIMH BellecTBaMH. B mectax 
~COeMHEHHA MMeeTCA mpociowKa PHuOpo3HOH TKa- 
HM MepHKpaHbHaJIbHOrO, IHAOKPaHMaJIbHOrO cOeu- 
HUTeCJIbHOTKaHHOrO mpoHcxoxKAenua. B  o6sacru 
yepenHoro fedeKkta OYeHb Ouroe BpeMaA coxpa- 
HAeCTCA HEBbINOJIHCHHaA KOCTbIO KpaTepooOpa3Han 
AMKa, KOTOPad y CTapbIX KyYp B TaKOM COCTOAHHH 
MO%KeT COXPaHATbCA rogamu. Beero Ha Kypax HaMH 
Obl10 NocTaBseHO 8 onbiToB. PereHepallua MOKPOB- 
HbIX KOCTeH CBOJa Yepena Opbiia MOJyueHa y 4-me- 
CAUHBIX Kyp K.30 HH, y 8-mMecauHbIX — K 60 JHIO. 


Puc. 3. Popma yepenHoro Ko- 


CTHOrFO jedexta B OOacTH we- 
Ha yTKax ]1—2-neTHero BO3pacTa Ob IlO- BOH TeEMeCHHOU MOKPOBHOH Koc- 


CTABJICHbI OMbITH! B Pa3JIMUHbIX BapMaHTax. OKa- ™ y mopocenka Ha 170 pen 
3aJIOCb, 4TO NOKPOBHaA YepenHast KOCTb YTOK OO- = Hocle onepallnu. Tleext uepe- 


lla HaHocwvica yepes 2 Hees 


JiafaeT CBOHMCTBOM CIOHTAHHOH pereHepallHH. nlocale poxwkAeHH A 


IIpH nNOBTOpHOM HaHeceHHH TeM *%Ke YTKaM Yepe};- 
HbIX JePeKTOB pereHepallua vepenma mMouwyyeHa y 
BC€X XKHBOTHbIX K 4-Me€CHYHOMY CPpOKY OT MOMeHTa NOBTOPHOrO HaHeceHHA. 

Ilo cBouM pereHepallHOHHbIM CmOcoOHOCTAM YepeMHad MOKPOBHaA KOCTHAA 
TKaHb YTOK OTHOCHTCA K THY CMOHTAHHO pereHepupylouleH KOCTH, H WeeKTbI 
yepena BO BCeX C/lyYatX OKa3bIBaIOTCH 3aMeIeHHbIMH HOBOOOpasytolletcA KO- 
CTHOH TKaHbIO. BuTaMHHHOe HacbillleHHe pallMoHa HW TPaHCaHTalMA Yepell- 
HOH KOCTH TOPMO3AT BOCCTAHOBHTEJbHbIC Npolecchl; WePeKTb! wepena B STOM 
cmyuae B CpeQHel UaCTH OKAa3bIBaOTCA 3aMeLeCHHbIMH (PUOpOsHOH OOOOUKOH. 

Ha rycax Obiio0 nocrapseHo 10 onbiToB, 43 KOTOPBIX 5 KOHTPOJIbHBIX — 
¢ HaHeceHveM O6prlmuHoro Aeekta. B KoHTpombHOM rpynne y rycel K 112 AHIo 
MpOWCXOMMa JIMUb YacTHUHad pereHepalluA wepelHOH MOKPOBHOH KOCTHOH 
TKaHH, MOMHOe Xe 3aMelleHHe NepeKTOB HOBOOOPasO0BaHHOW KOCTHOH TKaHbIO 
mponsouio kK 295 u 345 pzHIo. B cepuu onpiTos, B KoTOpoH 5 rycei noyBepra- 
JIMCb OGMYYCHHIO ysAbTPacuoueTOBLIMH sTyyaMH, HaOvOZaoch TOpMOxKeHHe 
BOCCTAHOBHTCJIbHBIX IMpPOILeCccoB. 


BenouepKosckult pe Abbe 
C@bCKOXO3AHCTBEHHEIM = MHCTHTYT 28 V 
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Jloknxann Akanemuu nayrx CCCP 
1958. Tom 123, Ne 4 


PH3HOJOLHA 


K. C. JIOBbIHLEB 


OB W3MEHEHUSAX CKEJIETHOM MbILIEYHOM TKAHH 
IPH TPEHMPOBKE 


(ITpedcmaeneno axademuxom JI. A. Op6eau 21 VI 1958) 


TucToormyueckue M3MeHCHHA MOMepeyHonoOCcaTOH MYyCKYyJIaTypbl, BO3SHH= 
Kaloljve MO BAHAHHeEM (bu3H4eCKHX YMpaxKHeHHH pa3JIMYHOrO xXapaKkTepa, 
H3Y4CHbI OVCHb HeMOHO. HemMHoroyuncJIeHHble HCCIeqOBaHHA HMeIOT pA HeJO- 
cTaTKOB. B oguHx pa6otax (1) oTcyTCcTByeT pa3HOOOpa3ne B xXapakTepe dusnyec- 
KMX Harpy30K, B Apyrux (?) He noKa3aHa JMHaMUKa (pyHKIMOHaJIbHOH mepe- 
CTPOHKH MbIMIeTHOH TKaHH, B TpeTbux (°,4) TeveHue PHCTOMOTHYeCKUX MPOMeccoB 
YCIOMKHAeCTCA ONepaTHBHbIM BMelaTeIbcTBOM. IlosTOMy HeYMBUTeJIbHO, UTO 
O3HaKOMJIe€HHe C 3THMM paOOTaMH BeseT K BOSHHKHOBECHHIO CaMbIX MpOTHBOpPe- 
YMBbIX BbIBOJOB. 

O6beKTOM JIA U3YYCHHA CUYXKHIM B3pOCJbIe OeJIbIe MbBILIM, HMeBIIHE OJU- 
HaKOBbIi Bec H BO3pacT. PKHBOTHBIe ObWIH pa3eIeHbI Ha TPH rpynnpl. OsHa us 
HHX MOBepraacb CTATHYeCKOMY BUY TPeCHHPOBKH (BUC Ha mwecTe), BTOopax — 
WuHaMuyeCcKOMy (NMIaBaHHe), a TpeTbA ABJIAIaCb KOHTPOMbHOH. Buc Ha mecTe 
OCYILECTBIAICA CJIeXYIOULMM OOpa30M: Ha JHE BaHHbI B CMeWHaJIbHbIX THe3ax 
YKpeNIANHCb MaloukH WIMHOH B 25—30 u ToMMHOH B 1 cm. B BaHHy HaJIMBa- 
JaCb BOJa, BCJIEACTBHE YerO 2KHBOTHEIC BLIHYKCHbI OMIM AKTHBHO JepxaTbcA 3a 
mecT H BuCceTb Hay BONO. Jia Toro UTOObI MBI BUCeIM, a He OMMPaJIuCb 
rpyAbio Ha BEPXYLIKH 3THX NalOueK, Ha MOCMeAHHe CBEpXy YKJabIBaJICA OOJIb- 
mou sucT creKkia. TakuM ympaxKHeHHAM %KHBOTHBIe NOsBepraiucb HayHHaA 
c JBYXHeebHOrO BO3pacTa. TpeHHPOBKa NPOHSBOANMAaCb exKEHEBHO B OJHO H 
TO Ke BPeMA OHH pa3 B JleHb. J. uTeMbHOCTb CHaY¥asa 3 MHH.; MOCTeENMeHHO BO3- 
pactas, ona 4yepes 2 mec. JocTurasa 1 vaca M OCTaBaslaCb Jamee HeH3MeCHHOH. 

Mom 3a6“BasIucb B {Ba cpoka — 4epes 5 u 10 mec. nocme Havana onbita; 
3aT€M C HHX CHHM@JIaCb KOKA, WH BbIJeICHHbIe 3aHHe JlallKH BMeCTe C Ta3OBbIM 
MOACOM ()UKCHpOBasINCcb B pacTBope 1:9 HeliTpanu3soBaHHOrO dopMauuHa. 
ToubKO Nocsie STOO OTCeNapOBbIBaIHCh JIA UCCeOBaHuA Mm. m. vastus late- 
ralis u soleus. BeneycrBue Takoli O6pa6oTKu ycTpaHANOCh CMOPUMBaHHe MBILLUL 
MpH PuKCHpOBaHHH, a Takxe OGecMeyMBalach OONbIUIAaA THIaTeJIbHOCTS nocie- 
wyroujeH mpenapoBKu. 

Y uactTu 3a0HTbIX KMBOTHBIX (PUKCaLMA MPOM3BOAMMAaCbh BJIMBaHHeM pacTBoO- 
pa dopMasuHa B KpoBeHocHoe pycuio. IIpu stom mpesxBapuTebHO Mepepesanach 
HW KHAA BeHa, M COCYAbI MPOMBIBAaJIHCb Yepes CepAue NosorpeTpM 0 38° dusno- 
JiOTHYeCKHM pacTBopoM. IloceqHad Nopiua PopMaIMHa HHbEWMpOBaNach pH 
mepeTAHYTOH HMKHeH Noo BeHe. Cnycta 30—40 mun. nocae nHbeKIMN Cc 3al- 
HHX KOHeYHOCTeH MH TasOBOrO NOACa CHHMaJacb KOxKa. SaqHAA “aCTb TYWIKH 
OTNENANACh OT TYIOBUUa HM NOMpyxasacb CHOBa B (uKCaTop. Heo6xoyumo oro- 
BOPHTb, YTO Pa3HULbl B TOHKOM CTPOCHHH MBIIWeCYHOH TKaHH MIpH sTHX CMOCObax 
(bukcalluu He OTMeyaOcb. KycouKku, 3aMTHIC BION LMH-Napadun, passara- 
JIMCb Ha CepHaJIbHbIe Cpesbl TOMMHHOH 5 yw. Okpacka mponsBoqusmacb remaTo- 
KCHJIMH-303HHOM, 2K@JICE3HbIM TeMaTOKCHJIMHOM JT eijenHratva u a3aHoM. 

Ip u3y4eHHM KOHTPOJbHbIX XKUBOTHBIX ObVIO MOKa3aHO (5), UTO MO,aBsSIO- 
(ee YHCO BOMOKOH Mm. soleus uMeeT 3epHUCTY¥o CapKOMasMy, Kpyrable alpa 
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M OTHOCHTEIbHO MaJioe kOJJIMYeCTBO MHOdHOpHI. B BomoKHax m. vastus 
lateralis cBo6oquaa capKonma3ma MpaKTHyeCKH OTCYTCTByeT, MHOPHOpHs oT- 
HOCHTCJIBHO MHOFO, a Apa HMCIOT BLITAHYTyt0 (opmy. Ha ocHoBaHUU MUKpoMop- 
(bonorun, a TakKxKe NocieqHUX MOptpo-cpu3HOIOrMYeCKHX LaHHBIX (°, ’), mepBas 
MbILUMa Oblla OTHECeHa K Tpymme TOHMYeCKOrO, a BTOpad HeTONMYeCKOrO THM. 

{1A TOro UTOGbI YOBUTb NpOMCMIeAMINE B MBILULAX KOJIMUeCTBEHHEIC H3MeHE- 
HHA, 9TH OPlaHbl BSBeEMIMBaNCb. Bec onpegxenavica Ha (PHKCHPOBAHHBIX MbIUIaX, 


Ta6Oauna il 


Bec MbILIL B pasHUHbIe CpOoKH 


Xapaktep nee TPeHHPOBKH, % 
gr lee: 5 Mec. | 10 Mec. 
Buc Ha mecre} M. vastus lateralis 2,60—2,70 | 2,86—2,90 
M. soleus 0,26—2,29 | 0,32—0,34 
II napanue M. vastus lateralis 2202 O0n pean), 62 
M. soleus 0,25—0,28 | 0,30—0,31 


TaK KaK OCHOBHAA OMIMOKAa 3feCb 3aBHCHT He CTOMbKO OT MOTePH PaCTBOPHMBIXx 
B BOJe BelleCTB, CKOJIbKO OT KayecTBa mpenapoBKu. B weiax ymoOcTBa u3yye- 


HHA BEC MbIILII BbIPaKaJICA B MpOMHJIIe K Becy Tela. Y KOHTPOJIbHBIX 2KHBOTHBIX 
Bec m. vastus lateralis co- 


cTaBial 1,66—2,03% Beca 
Tena, a m. soleus0,2—0,25. 
JlaHHple, pHBeXeHHHIe B 
Ta6. 1, MOKa3bIBaIOoT, 4TO C 
YBeJIMYCHHEM CpOKa TPeHH- 
POBKH BeC MBI, YBeIMUH- 
BaeTCA. ITO OCcOGeHHO pe3KO 
3aMe€THO IIpH CTaTH¥YeCKOM 
Bue ympaxkHeHHl. 

OJHOBPpeMeHHO C YBeJIH- 
YeHHeM BeCa MbIIIeCYHOW TKa- 
HH B e€€ MUKpOcTpykType 
TakxKe HaOJioqaiorcd peskue 
H3MeHeHHA. 

JI 1uTeJIbHbIe COKpallleHHA 
MBILUCYHbIX BOJIOKOH IIpH 
CTaTHYeCKOH Harpy3Ke BbI- 
S3bIBaIOT Y HUX MOABJIeHHe 
cBO6OAHOK rpy6o3sepHHcTor 
CapKona3MbIl. ITO ocobeHHO 0 10 20 30 40p 
XOPOLIO BHHO B HeTOHMyeC- SSeS Se 
KHX BOJIOKHaX m._ vastus 
lateralis. Ha mpogoubHbix 
cpe3ax Takada CapKOMla3Ma 
TO paBHOMepHO pacmpeye- Puc. 1. Homepeynbie HM MpOkoAbHbIe cpesbl Mm. vastus 
JIMeTCA M0 BCei MOBepXHOCTH lateralis. Craruueckant Harpy3ka 10 mec. Popmasun. Te- 

MaTOKCHJINH 

BOJIOKHa, TO B BUe y3KHX U 
JWIMHHBIX TH2KEH pasMeLlaeT- 
CA M@KAY nyaKamu MuoduOpua. Mvorga xe Ona pacnosaraeTcA OTe bHbIMH 
HaTeKaMM M0 TepH@epHH MBILUICUHIX 9/1eMeHTOB (PHC. 1). Uacto Takue capko- 
Tula3MaTHUeCKHe CKOMICHHA OKPY2KAaloTCA Kanuapamn (puc. 2). [loapnenue macc 
rpyOosepHUCTOH CapKONMa3sMbI AeaeT MOMepeyWy!oO UCYepYeHHOCTb BO MHOPHX 
BOJIOKHax MeHee oTueTIMBOH. Takxke H3MCHACTCA HM (OpMa MBIINCYHDIX AEP. 
370 ABCTBYeT H3 TOPO, ITO KOJMYCCTBO MaOUKOBUAHBIX Aep YMCHbIUAcTCcA, 
a YMCIO OBaIbHBIX H Kpyrabix yBemuuMBaeTca. B WeOM %e KOMHYCCTBO 
‘AX B MbILUeCYHOM TKAHH Y MOOMbITHBIX *KMBOTHBIX BO3pacTaecT. Ecam jo 9kcre- 
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PHMeHTa Ha CTO MOMepeyHbIX Cpe30B BOJIOKOH mpuxosnsoch 100—150 sgep, To 
nmocae Hero 150—200. TommuHa CcoKpaTHMbIX 3JIEMCHTOB TAKKE YBCJIMYMBACTCH: 
NO Harpy3KH ux MameTp paBuasca 17—70 p, nocane Hee 30—95 pw. Ha momepeuHbix 
cpe3ax BHJHO, UTO 3TH BOJIOKHA NOCI€ TPeHHPpOBKH MpUuoOperaiwoT sopMy Hempa- 
BUJIbHbIX MHOTOYTOJIBHHKOB. BO MHOrMX H3 HHX NO NepHdepwHun pacnosaraetca 


fy ke fe AM FS CFD aS eR a a Y > ; 
0 0 20 3 40 5Op 


Puc. 2. [pogombupilt cpe3 m. vastus lateralis. Crarvueckaad uarpy3ka 10 mec. J — 
MblujeuHOe Apo, 2— HaTeK CapKOMa3mbl, 3 — MecTa pacMO/IO%KeHHA KPOBCHOCHbIX 
KanuaApos, 4—ALpO 2HAOTeMMaIbHOH KeTKH. DopMaHH. PK edesHbll reMaTOKCHJHH 


3epHHcTad CapKomuia3ma (pyc. 1). Mnorga rpanysbl TakKOH capKOMa3MbI pac- 
MpeWeeHbl MO BCeMy BOJIOKHY, a HATCKH OTCYTCTBYIOT; HO H B 3TOM CJly4ae OTMe- 


yaeTca OOUbWaA KOHIWEHTpallHA MpOTOMNa3MbI B KpaeBow OOacTH. 
TakuM 06pa30M, BCJIeICTBHe CcTa- 


THYCCKOH TpeCHHPOBKN FHCTOJOrHYeC- 

KO€ CTPOCHHE HeETOHHYCCKHX MBIIIeU- 

HBIX BOJOKOH m. vastus lateralis 
0 % 2 4 wWpuoOperaer BEIpaxKeHHBIH TOHHYeEC- 
“See ttt xapakrep. 

Bananve JMHaMHyeCKOH TpeHH- 
PpOBKH Ha MHKPOCTpyKTypy MbmlUeu- 
HbIX 3JICEMCHTOB JIErYe OTMETHTb y 
TOHHYCCKHX BOJIOKOH m. soleus. Ha 
MIpOAOIbHBIX H NOMepeyHbIxX cpesax 
BHHO, UTO HMeBLIHeCAH JO aKcrepu- 
MeHTa CapKONJIa3MaTH4eCKHe HAaTeKU 
noce TaKHX YIpaxKHeHHH YMeHbmua- 
IOTCH, A 3eCPHHCTOCTb MpoTonMmma3sMpi 
CTaHOBHTCA MeHee 3aMeTHOH. Besen- 
CTBHe 3TOTO MonepewHad UcuepyeH- 
HOCTb MpOABJIAeTCH OTYeTIHBEe 
(puc. 3). IlonepeyHoe ceyenue Bowo- 
KOH IIpHoOperaer OKpyrulyro dopmy, a 
Puc. 3. Tlonepeunbie H Nposombuble cpe3sbi m at Nps OS OT AU ai EEL isk 

soleus. ait eames marion 1h MH M OObtYHO pacnonaraiorca 110 

MIOBEPpXHOCTH MbILWCYHBIX 3JICMeH- 

TOB. ToumHHa BOJIOKOH mpakTH- 
yeckH He u3smeHaeTca. Ilocne 10 mec. TpeHupoBKu oHa paBHa 17—80 p». 3a- 
Me€THO YBeIMYMBaeTCA KOJMYCCTBO AJePHbIX Wemouek. Ha cpe3ax B OAHOM Move 
3peHua OObeKTHBa 40 X YaCTO MOXxKHO BCTpeTHTb M0 3—4 Takux O6pas0BaHuA, 
KosimuecTBo sep B MbIIMeCUHbIX 3JIeMeHTaX HECKOJbKO yMeHbimaeTca. Tak, ecan 
qO Harpysku Ha 100 Bon0KOH NpuxosHAOcb B cpeqHem oT 140 no 200, ro cnycra 
10 mec. nocue Hayasa ee 120—150 agep. PasoOpanunii 3necb MaTepnan paspe- 
WiaeT BbICKa3aTb NOJIORKEeHHE, UTO TOHMYECKHE SIeMeHTEI M. soleus mpu mpoBe- 
MeHUH padoTpl JMHAMHYeCKOTO Bua UpHOOperawT MpH3sHakH, CBOHCTBeHHBIE 
HETOHHYCCKHM MBIIICYHbIM 3JICEMeHTaM. 
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YcTaHOBJICHHbIe THCTOCTPyKTYPHBIe H3MeHeHHA Bowne COOTBETCTBYIOT HO- 
BbIM (PYHKUHOHAIBHBIM ycuOBHAM. Buc Ha mecTe COMpoBoxaeTCA JUTEbHBIM 
| cokpameHvem mpm. JA OCcTHxKeHUNA YCTOMUMBOTO NOJO2KeCHHA XKUBOTHBIC 
AOKI A€pRaTbCA MalKaMu 3a Nasouky u NOATATMBaTbca KBepxy. Ilo or- 
_HOIICHHIO K KOJICHHOMY CyCTaBy 9TO O3Ha¥aeT NOCTOAHHOe ero pasruGaHue. 
| Campim scpeKTHBHBIM pasruOaTeemM sTOrO cycTaBa aBsseTca m. vastus late- 
| ralis, NosTOMy JIMTeIbHEIe COKpAaeHHA ONpexenMIN 3HauHTeNDHOe yBevIHue- 
| Hue B ee SeMeHTAX CBOOOAHOH CapKONMa3Mbl — HOCHTEbHUIbI OpraHOuJOB u 
] Tpoduyeckux BKOYeHH. Tpoduueckaad pomb capKomsa3Mpi TOAYepKUBaeTcA 
€€ NPCHMYULECTBCHHEIM PaCcNOJIO%KeHHeEM NO MepHdepHH BOMOKHA, BOWIH3H Cocy- 
, NOB. BospacTaHHe TOJIMHHbI MbIIeYHbIX BOJIOKOH, OYCBHLHO, TakKxKe CBA3aHO 

CO 3HAUHTCJIbHbIMH YCHJIMAMM, COBePINa€MbIMH MBIWICUHBIMH 3JIeMeHTaMH TIpH 
TaKOM Bue padornt. 

IIpu n1aBaHHu XHBOTHIe COBepmalOT YACTHIC H OBICTPLIe JBHXKCHUA B Ta30- 
OepeHHOM, KOJICHHOM H FosleHOCTOMHOM cycTaBax. B cBa3u C 3THM OOBIUHO WIn- 
TeJIbHbIC, (PUKCHPYIOULHe FOJeCHOCTONHBIH CycTaB coKpamleHuA m. soleus Tenepb 
HauHHaIoT MPHHUMATb OBICTpHIH WH SHEPIHYHbIi xapakTep. Orciosa yMeHbueHHe 
KOJIMYECTBa «NaCCHBHOH» CBOOOJHOH CapKOMJIa3MbI B BOJIOKHaX STOH MbBILLIbI 
YBCJIMYCHHE KOJMYeECTBA MHOMHOPHII — CNeWUMaJIbHbIX OpraHOHOB coKpalye- 
HHA. 

CuntaeTca YyCTaHOBJICHHBIM, UTO BOOOIMe B MBIIIaxX COBepllatoMlHx Govlee 
CJIOKHbIE MH PasHOOOpasHbIe ABHXKCHHA (KHCTH PYK, BHELIHHE MbIIMIbI ria3a), 
COKPaTHMBI€ SJICMCHTbI HMECIOT OTHOCHTEIbHO HeOobuOH Juametp. BcBa3u c 
9THM H IPH MlaBaHHH TakxKe HE MPOHCXOAMT 3aMeTHOFO YBEJIMYCHHA TOJILLHHbI 
MBILUCUHBIX 3JICEMCHTOB. 

HanOoulbuiad BbIPayKCHHOCTh PaCCMOTPeHHbIX H3MeHeHHH mocwe 10-mecay- 
HOH Harpy3KH FOBOPHT O TOM, YTO HX Pa3BHTHE HOCHT NOCTeNeHHbIN XapaktTep. 
Bech mpHBeleHHbI 3eCb MATepHaJl MOZBOJIAeT BbICKa3aTb MpeNOORKeHHe, YTO 
H3MeHeHHe (PPYHKIWHH BeeT K H3MCHEHHIO CTPOCHHA Yepe3 H3MCHUMBOCTH OOMCH- 
HbIX IIPOIeccos. 

TloqnIToxKuBaA CKa3aHHOe HEOOXOAUMO KOHCTATHPOBATD, YTO (pusHYeCKaA Ha- 
rpy3Ka BbI3bIBae€T B MbILNe€YHOH TKaHH aleKBaTHblec H3MeHeHHA. CreneHb TaKOH 
mepecTpOHKH HW KaueCTBO €€ 3aBHCAT KaK OT JVIMTCJIbHOCTH TPpCHHPOBKH, Tak UM 
OT e€e€ XapakTepa. 


KpacHoxpckult rocyjjapcTBeHHblli Iloctynuuio 
MeHWHHCKUMM MHCTHTYT 5 VI 1958 
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